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I. REAL PARTY IN INTEREST W A/ 

The real parties in interest are the assi^oe^f^The Board of Regents, University of Texas 
System, and the exclusive licensee, Introgen Therapeutics. 

II. RELATED APPEALS AND INTERFERENCES 

The present application (Ser. No. 08/758,033) was the subject of Appeal No. 2000-0742. 
Two Orders Remanding to the Examiner were issued in this appeal. The first Order was issued 
August 28, 2000, and the second Order was issued March 20, 2002. Copies of both Orders are 
provided in the Related Proceedings Appendix. 

A second Notice of Appeal and Appeal Brief concerning the present application were 
filed on March 9, 2004. The Examiner issued a further Office Action raising new grounds for 
rejection on June 3, 2004. This Office Action was superceded by a Supplemental Office Action 
issued February 23, 2005. It is from this Supplemental Office Action that Appellant presently 


Appellant also filed a Notice of Appeal, which was received by the Patent Office on May 
27, 2005, in appHcation Serial No. 09/968,958. Application Serial No. 09/968,958 is a 
continuation application of the present application. 

III. STATUS OF THE CLAIMS 

Claims 1-25 were filed with the original appHcation. Claims 26-150 have been added. 
Claims 15, 21-25, 78, and 79 were canceled in the first response; claims 33-35, 69-72, 104-107, 
133-136, 140, 141, 144, and 145 were canceled in an amendment, filed concurrent with the first 
Appeal Brief; and claims 38-68, 73-77, 80-103, 108-132, 137-139, 142, and 143 were canceled 
in an amendment filed concurrent with the Reply Brief Claim 10 was canceled in the 
Preliminary Amendment on Remand filed June 5, 2002. Thus, claims 1-9, 11-14, 16-20, 26-32, 
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36, 37, and 146-150 remain pending and are appealed. Appellant notes that the Office Action 
dated February 23, 2005 incorrectly identified claim 10 as pending. As mentioned above, claim 
10 was previously canceled. A copy of the pending claims is provided in the Claims Appendix. 

IV. STATUS OF AMENDMENTS 

No amendments are pending. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention deals with cancer gene therapy. In particular embodiments, the 
invention provides methods of inhibiting growth of a tumor cell expressing wild- type p53 in a 
human subject with a solid tumor comprising the steps of: providing a viral expression construct 
comprising a promoter functional in eukaryotic cells and a polynucleotide encoding a functional 
p53 polypeptide, wherein said polynucleotide is positioned sense to and under the control of said 
promoter; and parenterally administering said viral expression construct to said subject, the 
administration resulting in expression of said functional p53 polypeptide in cells of said tumor 
and inhibition of timior cell growth. Specification, p. 3, In. 17-21; p. 8, In. 17-26. 

In other embodiments, the invention provides methods of inducing apoptosis in a tumor 
cell expressing wild-type p53 in a human subject with a solid tumor comprising the steps of: 
providing a viral expression construct comprising a promoter functional in eukaryotic cells and a 
polynucleotide encoding a functional p53 polypeptide, wherein said polynucleotide is positioned 
sense to and under the control of said promoter; and parenterally administering said viral 
expression construct to said subject, the administration resulting in expression of said functional 
p53 polypeptide in cells of said tumor and inhibition of tvunor cell growth. Specification, p. 3, 
In. 17-21; p. 8, In. 17-26. 
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In certain aspects of the invention the expression vector is administered to the tumor at 
least a second time. Specification, p. 34, hi. 17-18. In some embodiments, the invention also 
provides for treatment of a tumor bed resulting from tumor resection. Specification, p. 4, In. 1-4. 
In a particular embodiment, the tumor is resected following at least a second administration, and 
an additional administration is effected subsequent to the resection. Specification, p. 4, In. 1-4. 

In some embodiments of the invention, the expression vector is administered in a volume 
of about 3 ml to about 10 ml. Specification, p. 4, In. 4. In certain embodiments, the amount of 
adenovirus in each administration is between about lO' and lO^'^ pfu. Specification, p. 4, In. 4-6. 
Iti some aspects of the invention, the expression construct is administered by multiple injections 
comprising 0.1-0.5 ml volumes spaced about 1 cm apart. Specification, p. 34, In. 17-18. In 
certain aspects of the invention, the expression construct is administered to the tirnior at least six 
times within a two week treatment regimen. Specification, p. 34, In. 20-22. In some 
embodiments the expression vector is administered to a body cavity by continuous perfusion. 
Specification, p. 33, hi. 18-25. The p53-encoding polynucleotide may be tagged so that 
expression of p53 from the expression vector can be detected. Specification, p. 3, In. 26-27. In 
certain aspects, the tag is a continuous epitope tag. Specification, p. 3, In. 27-28. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Claims 1-9, 11-14, 16-20, 26-32, 36, 37. and 146-150 stand provisionally rejected for 
non-statutory double patenting over claims 26-88 of co-pending Application No. 09/968,958. 

Claims 1-9, 11-14, 16-20, 26-32, 36, 37, and 146-150 stand rejected under 35 U.S.C. 
§ 103 as being unpatentable over Roth et al. (U.S. Patent 6,069,134) (Exhibit A), Liu et al. 
(Exhibit B), Vogelstein et al. (U.S. Patent 6,677,312) (Exhibit C), in view of Baker et al. 
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(Science 249(4971):912-915) (Exhibit D) and Shaw et al. (PNAS 89:4495-4499) (Exhibit E). 
Copies of these references are provided in the Evidence Appendix. 

VII. ARGUMENT 

A. Substantial Evidence is Required to Upliold the Examiner's Position. 

Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procedure Act, 5 U.S.C. § 706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that 
findings of fact by the Board of Patent Appeals and Interferences must be supported by 
"substantial evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). 
In In re Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks 
whether a reasonable fact finder could have arrived at the agency's decision." Id. at 1312. 

Accordingly, it necessarily follows that an Examiner's position on Appeal must be 
supported by "substantial evidence" within the record in order to be upheld by the Board of 
Patent Appeals and Interferences. 

B. The Provisional Double Patenting Rejection 

Claims 1-9, 11-14, 16-20, 26-32, 36, 37, and 146-150 are provisionally rejected for non- 
statutory double patenting over claims 26-88 of co-pending Application No. 09/968,958 (the 
"'958 application"). The Examiner asserts that claim 1 of the present application is essentially 
the same as claim 58 of the '958 application. The Examiner also asserts that claim 26 of the '958 
application encompasses essentially the same invention as encompassed by claims 1 and 12 of 
the present application. Appellant traverses this rejection. 
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Appellant submits that claim 1 of the present invention does not encompass the same 
invention as either claim 26 or 58 of the '958 application. Claim 1 of the present invention is 
directed to a method of inhibiting growth of a tumor cell expressing wild-type p53 in a human 
subject with a solid tumor. Claim 58 of the '958 appUcation is directed to a method of inhibiting 
growth of a tumor cell in a human subject having a solid tumor comprising a step of surgically 
revealing the tumor. Claim 26 of the '958 application is directed to a method for inhibiting 
microscopic residual tumor cell growth in a human subject comprising steps of identifying a 
human subject having a resectable tumor and resecting the tumor. It would not have been 
obvious to a person of ordinary skill in the art at the time the present invention was made to treat 
tumor cells having endogenous, wild-type p53 with an expression construct that itself encodes 
for p53 because, at the time the present invention was made, the conventional thinking in the art 
was that only tumor cells deficient in p53 could be treated using a p53 expression construct. 
Thus, claim 1 of the present application is patentably distinct from claims 26 and 58 of the '958 
application. 

Appellant further notes that a provisional double-patenting rejection is not a final 
rejection that blocks the prosecution of all of the conflicting applications. If a provisional 
double-patenting rejection is the only rejection remaining in an application, the Examiner should 
withdraw the rejection and permit the application to issue as a patent. Manual of Patent 
Examining Procedure, § 804(I)(B), p. 800-15. After one application issues as a patent, the 
provisional double-patenting rejection in the remaining application is converted to an actual 
double patenting rejection. Id. Once either the present application or the '958 application issues 
as a patent. Appellant will file a terminal disclaimer, if appropriate, in the remaining pending 
apphcation. 
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C. Rejection Under 35 U.S.C. § 103 

1. The Legal Standard for Obviousness 

Appellant respectfully notes the high standard by which an obviousness argument based 
on a combination of references is judged. An evaluation of obviousness requires that one 
consider the invention as a whole. Stratoflex, Inc. v. Aeroquip Corp., 713 F.2d 1530, 1537 (Fed. 
Cir. 1983). Furthermore, all of the claim limitations must be taught or suggested by the prior art. 
In re Royka, 490 F.2d 981, 985 (C.C.P.A. 1974). In addition, in the case of In re Vaeck, 947 
F.2d 488, 493 (Fed. Cir. 1991), the Federal Circuit stated that an Examiner must establish at least 
two additional criteria in order to make a prima facie case of obviousness: 

1) the prior art would have suggested to one of ordinary skill in the art to make the 
composition as claimed; and 

2) the prior art demonstrates a reasonable expectation of success of the invention. 

In re Vaeck also emphasized that both the suggestion and reasonable expectation of success must 
be found in the prior art, not in the Appellant's disclosure. Id. 

When an obviousness determination is based on multiple prior art references, there must 
be a showing of some "teaching, suggestion, or reason" to combine the references. Gambro 
Lundia AB v. Baxter Healthcare Corp., 110 F.3d 1573, 1579 (Fed. Cir. 1997) (also noting that 
the "absence of such a suggestion to combine is dispositive in an obviousness determination"). 

Furthermore, the burden of showing a prima facie case of obviousness is on the 
Examiner, who must show evidence beyond merely stating that the claimed invention is obvious 
in light of the prior art. See Manual of Patent Examining Procedure § 2144.03; Graham v. John 
Deere Co., 383 U.S. 1, 18 (1966). If the Examiner fails to establish a prima facie case of 
obviousness, the rejection is improper and will be overtvimed. In re Rijckaert, 9 F.3d 1531, 1532 
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(Fed. Cir. 1993). Even if the Examiner properly meets the burden of showing a prima facie case 
of obviousness, the Appellant may still overcome the obviousness rejection through a showing of 
secondary considerations such as unexpected results, long felt need, failure by others or 
commercial success. See Graham, 383 U.S. at 17-18. 

2. The Claimed Invention is Patentable Over the Cited References 

Claims 1-9, 11-14, 16-20, 26-32, 36, 37, and 146-150 stand rejected under 35 U.S.C. 
§ 103 as being unpatentable over Roth et al. (U.S. Patent 6,069,134), Liu et al., Vogelstein et al. 
(U.S. Patent 6,677,312) in view of Baker et al. (Science 249(4971):912-915) and Shaw et al. 
(PNAS 89:4495-4499). Appellant traverses this rejection. 

a) Roth et al. Is Not Available Under §103 

The primary reference cited by the Examiner, Roth et al. (U.S. Patent 6,069,134), is not 
available for establishing the obviousness of the present invention. Roth et al. qualifies as prior 
art only under 35 U.S.C. § 102(e). The present application and Roth et al. were, at the time the 
invention was made, subject to an obligation of assignment to the Board of Regents of the 
University of Texas System. Thus, pursuant to 35 U.S.C. § 103(c), the subject matter disclosed 
in Roth et al. cannot preclude the patentability of the claimed invention under § 103. 

b) The Cited References Do Not Teach All of the Elements of the 
Claimed Invention 

To establish prima facie obviousness of a claimed invention, all the claim limitations 
must be taught or suggested by the prior art. In re Royka, 490 F.2d 981, 985 (C.C.P.A. 1973). 
The claimed invention is directed to a method of inhibiting grov^h of a tumor cell expressing 
wild-type p53. As defined in the specification, "wild-type p53" refers to a p53 gene expressing 
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normal tumor suppressor activity (p. 8, In. 4-6). The Examiner failed to establish that the cited 
references teach or suggest this limitation of the claims. 

The Examiner alleges that Baker et al. and Shaw et al. demonstrate that the cell cycle 
inhibitory affect of p53 can be accomplished by overexpression of p53 even in the presence of 
endogenous wild-type p53. Specifically, the Examiner alleges that Baker et al. teach the 
delivery to and effect of wild-type p53 on cells that express an endogenous p53, and that Baker 
et al. concluded that wild-type p53 had a suppressive effect on growth. Appellant submits that 
the Examiner has misinterpreted the teachings of Baker et al. , and thus has failed to show where 
the prior art teaches or suggests the treatment of tumor cells expressing wild-type p53. 

Baker et al. describe four cell lines: SW837, SW480, RKO, and VACO 235. SW837 
and SW480 each have lost one copy of chromosome 17p (including the p53 gene), and the 
remaining p53 allele in each cell line is mutated (Baker et al, p. 912, col. 3). No mutation in the 
p53 coding sequence was detected in the RKO cell line in the 5 exons examined; however, the 
cells expressed low concentrations of p53 mRNA compared to normal cells and did not produce 
detectable amounts of protein (Baker et al, p. 913, col. 3). Only the VACO 235 cell line was 
reported to express wild-type p53 mRNA at levels similar to those found in normal cells (Baker 
et al, p. 914, col. 2). In regard to the VACO 235 cell line. Baker et al stated that "transfection 
with the wild-type gene had no apparent effect on the growth of epithelial cells derived from a 
benign colorectal tumor that had only wild-type alleles." (Baker et al. Abstract; see also, p. 
914, col. 2). 

The Examiner cites Shaw et al. as demonstrating that the overexpression of wild-type p53 
causes cell cycle arrest at the Gl-S boimdary and may result in apoptosis. The Examiner, 
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however, fails to show where Shaw et al. teach or suggest that overexpression of wild-type p53 
causes cell cycle arrest and apoptosis in tumor cells expressing wild-type p53. The experiments 
reported in Shaw et al. utilize the human colon tumor cell line EB (Shaw et al, p. 4495, col. 2), 
which does not express endogenous wild-type p53 (Shaw et al, p. 4498, col. 2). The Examiner 
also failed to show that Roth, Liu, or Vogelstein teach or suggest a method of inhibiting the 
growth of a tumor cell expressing wild- type p53. 

The Examiner has failed to show where the prior art teaches or suggests all of the 
limitations of the claimed invention. Accordingly, the Examiner has not made a prima facie case 
that the claimed invention is obvious. 

c) The Cited References Teach Away From the Claimed Invention 

Not only did the Examiner fail to establish that the cited references teach or suggest all of 
the limitations of the claimed invention, the cited references actually teach away from the 
claimed invention. A "reference may be said to teach away when a person of ordinary skill, 
upon reading the reference, would be discouraged from following the path set out in the 
reference, or would be led in a direction divergent from the path that was taken by the 
Appellant." Tec Air Inc. v. Denso Mfg. Michigan Inc., 192 F.3d 1353, 1360 (Fed. Cir. 1999) 
(citing with approval. In re Gurley, 27 F.3d 551 (Fed. Cir. 1994)). A prior art reference that 
"teaches away" from the claimed invention is a significant factor to be considered in determining 
obviousness. In re Gurley, 27 F.3d 551, 554 (Fed. Cir. 1994). 

As mentioned above, Baker et al stated that "transfection with the wild-type gene had no 
apparent effect on the growth of epithelial cells derived from a benign colorectal timior that had 
only wild-type alleles." Baker et al. Abstract. Shaw et al disclose studies in a cell line 
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deficient in endogenous p53. In regard to their observations with this cell line, Shaw et al. 
stated: 

Whether [deficient endogenous p53 expression] is of significance to induction of 
apoptosis by wt p53 is not known, wt p53 has been expressed in a variety of cell 
types, including colon tumor cell lines [citing Baker et al.]; yet only this report 
and that of Oren and co-workers [who also used a cell line deficient in 
endogenous p53] describe induction of apoptosis. 

(Shaw et al, p. 4498, col. 2). These statements by Baker et al. and Shaw et al. would certainly 
discourage a person of ordinary skill in the art from the path that was taken by the Appellant. 

Vogelstein et al. also teach away from the use of p53 gene therapy in tumor cells 
expressing a functional p53. The Vogelstein patent is entitled "Methods For Restoring Wild- 
Type p53 Gene Function," and the claims are directed to "[a] method of supplying wild-type p53 
gene function to a cell which has lost said gene function by virtue of a mutation in a p53 gene, 
comprising:..." (emphasis added). Thus, Vogelstein et al. further reinforces that the 
conventional thinking at the time of Appellant's invention was that p53 gene therapy would only 
be beneficial in tumors lacking a functional p53 molecule. A person of ordinary skill, upon 
reading the Vogelstein reference, would be led in a direction divergent from the path that was 
taken by the Appellant. 

Similarly, upon reading the Liu reference, a person of ordinary skill would be led in a 
direction divergent from the path that was taken by the Appellant. The experiments described in 
Liu use the SCCHN cell lines Tu-138 and Tu-177, both of which possess a mutated p53 gene 
(Liu et al, p. 3663, col. 2). In other words, Liu uses the Ad-p53 construct to compensate for the 
absence of a functional p53 molecule in tumors lacking that molecule. The Examiner has failed 
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to show where Liu teaches or suggests that a tumor cell having a functional p53 molecule may be 
treated using an expression construct that, itself, encodes a p53 molecule. 

The references cited by the Examiner only reinforce that the conventional thinking at the 
time of Appellant's invention was that p53 gene therapy would only be beneficial in tumors 
lacking a functional p53 molecule. 

It is difficult but necessary that the decisionmaker forget what he or she has been 
taught... about the claimed invention and cast the mind back to the time the 
invention was made (often as here many years), to occupy the mind of one skilled 
in the art who is presented only with the references, and who is normally guided 
by the then-accepted wisdom in the art. 

W.L. Gore & Associates. Inc. v. Garlock, Inc., Ill F.2d 1540, 1553 (Fed Cir. 1983), cert, denied, 
469 U.S. 851 (1984). At the time the present invention was made, a person of ordinary skill, 
upon reading the references cited by the Examiner, would have been led in a direction divergent 
from the path that was taken by Appellant. The Examiner failed to estabUsh a prima facie case 
for obviousness, because the Examiner apphed impermissible hindsight in alleging that the 
claimed invention is unpatentable under 35 U.S.C. § 103. 

d) The Cited References Do Not Provide A Reasonable Expectation 
of Success 

To estabUsh a prima facie case of obviousness, the prior art must provide a reasonable 
expectation of success in achieving the claimed invention. The Examiner has the burden to show 
that the in vitro and animal studies are reasonably predictive of human clinical studies. The 
Examiner has not made this case. The limitations of in vitro studies are manifest, and so well 
supported in the art that it is unnecessary to recount them here. In fact, the first Office Action 
addressed limitations on gene therapy, and specifically discussed the shortcomings of delivery 
and expression of transgenes in vivo: 
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The unpredictability of gene therapy and vector targeting is supported by the teachings of 
Culver et al, Hodgson et al. and Miller et al. Culver et al, reviewing gene therapy for 
cancer, conclude that the "primary factor hampering the widespread application of gene 
therapy to human disease is the lack of an efficient method for delivering genes in situ, 
and developing strategies to deliver genes to a sufficient number of tumor cells to induce 
complete tvimor regression or restore genetic health remains a challenge" (page 178). 
Hodgson discusses the drawbacks of viral transduction and chemical transfection 
methods, and states that "[djeveloping the techniques used in animal models, for 
therapeutic use in somatic cells, has not been straightforward" (pages 459-460). Miller et 
al. also review the types of vectors available for in vivo gene therapy, and conclude that 
"for all the long-term success as well as the widespread applicability of human gene 
therapy, there will have to be advances ... targeting strategies outlined in this review, 
which are currently only at the experimental level, will have to be translated into 
components of safe and highly efficient delivery systems" (page 198, column 1). 


First Office Action, pages 5-6. 

The art is replete with examples of cancer treatments that showed promise in vitro only to 
fail in vivo. For example, Planchon et al. (1992) (Exhibit F) showed that butyrate derivatives 
inhibited growth of breast cancer cell monolayers in vitro, but failed to affect the rate of tumor 
growth in vivo. Welters et al. (1999) (Exhibit G), in examining the effects on cisplatin in head & 
neck cancers, found a lack of correlation between studies on in vitro tumor cell lines and in vivo 
tumors. Vingerhoeds et al. (1996) (Exhibit H) similarly compared the effects of doxorubicin on 
ovarian carcinoma cells and found that in vitro inhibition was not observed in vivo. Mourad et 
al. (1996) (Exhibit I) showed that high doses of vitamin A inhibited head & neck and lung 
cancers in vitro, but showed no similar effects in vivo. Liu et al. (2000) (Exhibit J) disclosed 
that, in vivo, secretion of TGF-P correlated with resistance to tiunor therapy, while no correlation 
was observed in vitro. Finally, Johansson et al. (1991) (Exhibit K) demonstrated that a murine 
monoclonal antibody inhibited cancer cells in vitro, but that in vivo inhibition was limited to two 
days after inoculation into animals, hardly a clinically relevant situation. 
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Furthermore, animal models of various human diseases are not necessarily a reliable 
indicator of the therapeutic benefit of treatments in humans as cited in Crystal (Science, 270, 
1995, 404-410) (Exhibit L), Gomez-Navarro et al. {European J of Cancer, 35(6), 1999, 867- 
885) (Exhibit M), and Sigmund {Arterioscler. Thromb. Vase. Biol, 20, 2000, 1425-1429) 
(Exhibit N). Crystal notes that "[tjhere have been several surprise examples, in which 
predictions from gene transfer studies in experimental animals have not been borne out in human 
safety and efficacy trials" (p. 409). This sentiment is echoed in Gomez-Navarro et al., which 
states that the successful treatments found in animal models are not consistently found in humans 
(p. 875). Additionally, Sigmund expresses concern for the various findings within the same 
species, only on different genetic backgrounds (p. 1425). 

The references cited by the Examiner do not refer to any human clinical findings, only to 
findings in vitro and in animal model systems (specifically the nude mouse model). In contrast, 
Appellant has provided scientific proof of human clinical data on the benefits of the wild-type 
p53 viral vector expression system in suppressing growth of HNSCC in tumors having either 
wild-type p53 or mutant p53. Moreover, as discussed in the preceding section, the references 
cited by the Examiner actually expressed doubt regarding the benefit of using p53 gene therapy 
in tumor cells expressing wild- type p53. Thus, the prior art could not have provided a reasonable 
expectation of success at the time the present invention was made. 

e) Conclusion 

Appellant has provided numerous reasons as to why claims 1-9, 1 1-14, 16-20, 26-32, 36- 
37, and 146-150 are not obvious in view of Roth et al., Liu et al, Vogelstein et al. Baker et al, 
and Shaw et al. First, the primary reference. Roth et al, is not available as prior art for a 
rejection under § 103. Second, the Examiner failed to establish a prima facie case for 
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obviousness, because the Examiner failed to show where the cited art teaches or suggests all of 
the limitations of the claimed invention. Third, the cited art actually teaches away from the 
treatment of tumor cells expressing wild-type p53 with vectors expressing p53. Finally, those of 
skill in the art would not have had a reasonable expectation of success based on the cited art. 

For the reasons described above, claims 1-9, 11-14, 16-20, 26-32, 36-37, and 146-150 are 
not obvious in view of Roth et al, Liu et al, Vogelstein et al. Baker et al, and Shaw et al. 
Appellant requests that the Board overtum this rejection. 

3. Additional Arguments for the Separate Patentability of Specific 
Claims 

The arguments set forth above are directed to the non-obviousness of all of the pending 
claims. Appellant will now present additional arguments for the separate patentability of various 
dependent claims, which do not stand or fall together. 

a) Claim 12 and 18 

Claim 12 contains the limitation of the resection of a tumor cell expressing wild-type p53 
in a hiunan subject following at least a second administration of the expression vector, and an 
additional administration of the expression vector is effected subsequent to the resection. Claim 
18 contains the limitation of "an artificial body cavity resulting from tumor excision." The 
Examiner failed to show where the references teach or suggest tumor resection and the treatment 
of the tumor bed resulting from tumor resection/excision. 

As described in the present specification, one of the shortcomings of conventional cancer 
treatments is the inability to completely eradicate disease (i.e., microscopic residual disease) at 
the primary tvimor site (p. 35, In. 7-11). In certain embodiments, the present invention is 
designed to provide methodologies that permit a more complete and effective treatment of cancer 
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by attacking microscopic residual disease. Methods for using the expression vectors of the 
claimed invention in the treatment of artificial body cavities created by tumor resection are 
described in the present specification at, for example, p. 34, In. 24 to p. 35, In. 4; and p. 35, In. 7- 
25). 

The Examiner failed to show where the references teach or suggest the additional 
limitations recited in claims 12 and 18 and, therefore, failed to establish a prima facie case of 
obviousness for these claims. 

b) Claim 13 

Claim 13 recites the limitation of administering the expression vector "in a voliraie of 
about 3 ml. to about 10 ml." The burden of showing a prima facie case of obviousness is on the 
Examiner, who must show evidence beyond merely stating that the claimed invention is obvious 
in light of the prior art. The Examiner has provided no evidence that claim 13 is obvious in view 
of the prior art. The Examiner notes that Liu et al. administered 100 /il volumes (Action, p. 8). 
Apart fi-om that disclosure, the Examiner merely states that Roth et al. teach to optimize delivery 
for a specific vector for different PFU and volumes, and that Vogelstein et al. teach that delivery 
can be tailored to the type of cancer being treated. 

Again, as mentioned above. Roth et al. is not available as prior art for an obviousness 
rejection. With regard to Vogelstein et al. Appellants could locate no description of any specific 
volumes for administration, much less of a volume of about 3 ml to about 10 ml. The 
Examiner's conclusory statements fail to establish that the specific volimies recited in claim 13 
would have been obvious to a person of ordinary skill in the art at the time the present 
application was filed. 
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c) Claim 17 

Claim 17 contains the limitation of "continuous perfusion" of a natural or artificial body 
cavity with a viral expression construct encoding a functional p53 polypeptide for inhibiting 
growth of a tumor cell expressing wild-type p53 in a human subject. The burden of showing a 
prima facie case of obviousness is on the Examiner, who must show evidence beyond merely 
stating that the claimed invention is obvious in light of the prior art. The Examiner has provided 
no evidence that claim 17 is obvious in view of the prior art. The Examiner has not shown where 
the references teach or suggest "continuous perfusion." Even if it were assumed that there was 
such a teaching, the Examiner has not shown that the prior art provides the motivation to 
combine the teachings or a reasonable expectation of success. Therefore, a prima facie case for 
obviousness has not been established. 

d) Claim 18 

Claim 1 8 recites the limitation of administering the expression construct into "an artificial 
body cavity resulting fi-om tumor excision." The Examiner asserts that Roth et al. disclose 
delivery to a tumor bed fi-om which a tumor has been removed. However, Roth et al. is not 
available as prior art for an obviousness rejection. The burden of showing a prima facie case of 
obviousness is on the Examiner, who must show evidence beyond merely stating that the 
claimed invention is obvious in light of the prior art. The Examiner has presented no evidence to 
support the rejection of claim 18; thus, the Examiner has failed to establish a prima facie case for 
the obviousness of claim 18. 

e) Claims 19 and 20 

Claims 19 and 20 contain the limitation of a p53-encoding polynucleotide that is tagged 
so that expression of p53 from said expression vector can be detected. As described in the 
present specification, certain aspects of the invention involve the monitoring of p53 expression 
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following administration of the expression construct (p. 36, In. 14-15). The tagging of the p53- 
encoding polynucleotide is advantageous in, for example, monitoring the treatment of 
microscopic residual disease where it is difficult to observe the destruction of microscopic tumor 
cells(p. 36,ln. 15-17). 

The burden of showing a prima facie case of obviousness is on the Examiner, who must 
show evidence beyond merely stating that the claimed invention is obvious in light of the prior 
art. The Examiner has provided no evidence that claims 19 and 20 are obvious in view of the 
prior art. Therefore, a prima facie case for obviousness has not been established. 

f) Claim 26 

Claim 26 recites the limitation of administering the expression construct to the tumor "at 
least twice." The Examiner asserts that Roth et al. teach that for effective treatment multiple 
times and multiple sites of delivery may be necessary. However, Roth et al. is not available as 
prior art for an obviousness rejection. The burden of showing a prima facie case of obviousness 
is on the Examiner, who must show evidence beyond merely stating that the claimed invention is 
obvious in light of the prior art. The Examiner has presented no evidence to support the rejection 
of claim 26; thus, the Examiner has failed to establish a prima facie case for the obviousness of 
claim 26. 

g) Claim 27 

Claim 27 recites the limitation of administering multiple injections that "comprise about 
0.1-0.5 ml volumes spaced about 1 cm apart." The burden of showing a prima facie case of 
obviousness is on the Examiner, who must show evidence beyond merely stating that the 
claimed invention is obvious in light of the prior art. The Examiner has provided no evidence 
that claim 27 is obvious. The Examiner merely states that Roth et al. teach that for effective 
treatment multiple times and multiples sites of delivery may be necessary. Such a conclusory 
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statement fails to establish a prima facie case for the obviousness of the specific volumes and 
injection spacing recited in claim 27. Moreover, as mentioned above,' Roth et al. is not available 
as prior art for an obviousness rejection. The Examiner has presented no evidence to support the 
rejection of claim 27; thus, the Examiner has failed to establish a prima facie case for the 
obviousness of claim 27. 

h) Claims 28-32 

Claims 28-32 are directed generally to combining p53 gene therapy with an additional 
DNA damaging agent. The only evidence presented by the Examiner regarding the suggestion 
of such methods is Roth et al. As mentioned above, Roth et al. is not available as prior art for an 
obviousness rejection. Thus, the Examiner has presented no evidence to support the rejection of 
claims 28-32. The Examiner, therefore, has not met his burden of establishing a prima facie case 
for obviousness. 

i) Claim 37 

Claim 37 is directed to a method of administering the expression construct to the tumor 
"at least six times within a two week treatment regimen." The burden of showing a prima facie 
case of obviousness is on the Examiner, who must show evidence beyond merely stating that the 
claimed invention is obvious in light of the prior art. The Examiner has provided no evidence 
that claim 37 is obvious. The Examiner merely states that Roth et al. teach that for effective 
treatment multiple times and multiple sites of administration may be necessary, and that 
Vogelstein et al. teach that delivery can be tailored to the type of cancer being treated. The 
Examiner has not identified any disclosure that would teach or suggest the claimed treatment 
regimen. Moreover, Roth et al. is not available as prior art for an obviousness rejection. 
Accordingly, the Examiner failed to establish a prima facie case for obviousness. 
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j) Claim 147 

Claim 147 is directed to the intravenous administration of the expression construct. The 
Examiner has identified no disclosure that teaches or suggest such a route of administration. The 
Examiner notes that Liu et al. disclose delivering the vector to a revealed tumor. The Examiner 
asserts that Vogelstein et al. teaches that the delivery can be tailored to the type of cancer. 
Appellants, however, could find no disclosure regarding any particular route of administering the 
expression construct to a subject, much less administering it intravenously. The burden of 
showing a prima facie case of obviousness is on the Examiner, who must show evidence beyond 
merely stating that the claimed invention is obvious in light of the prior art. The Examiner has 
not met this burden. 

k) Claim 149 

Claim 149 is directed to the intraperitoneal administration of the expression construct. 
The Examiner has identified no disclosure that teaches or suggest such a route of administration. 
The Examiner notes that Liu et al. disclose delivering the vector to a revealed tumor. The 
Examiner asserts that Vogelstein et al teaches that the delivery can be tailored to the type of 
cancer. Appellants, however, could find no disclosure regarding any particular route of 
administering the expression construct to a subject, much less administering it intraperitoneally. 
The burden of showing a prima facie case of obviousness is on the Examiner, who must show 
evidence beyond merely stating that the claimed invention is obvious in light of the prior art. 
The Examiner has not met this biu-den. 
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VIII. CONCLUSION 

It is respectfully submitted, in light of the above, that all of the pending claims are in 
condition for allowance. Appellant, therefore, requests that the Board overtvim each of the 
pending grounds for rejection. 

Please date stamp and return the enclosed postcard to evidence receipt of this document. 

RespectfWy submitted. 


FULBRIGHT & JAWORSKI L.L.P. 
600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
(512)536-3184 


Steven L. Hi^lander 
Rk^J^. 37,642 
Attorney for Applicant 



Date: July 26, 2005 
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CLAIMS APPENDIX 


1. A method of inhibiting growth of a tumor cell expressing wild-type p53 in a human 
subject with a solid tumor comprising the steps of: 

(a) providing a viral expression construct comprising a promoter functional in 
eukaryotic cells and a polynucleotide encoding a functional p53 polypeptide, 
wherein said polynucleotide is positioned sense to and imder the control of said 
promoter; and 

(b) parenterally administering said viral expression construct to said subject, the 
administration resulting in expression of said functional p53 polypeptide in cells 
of said tumor and inhibition of tumor cell growth. 

2. The method of claim 1 or 146, wherein said tvmior is selected from the group consisting 
of a carcinoma, a glioma, a sarcoma, and a melanoma. 

3. The method of claim 1 or 146, wherein said tumor cell is mahgnant. 

4. The method of claim 1 or 146, wherein said tumor cell is benign. 

5. The method of claim 1 or 146, wherein said tumor is a tumor of the lung, skin, prostate, 
liver, testes, bone, brain, colon, pancreas, head and neck, stomach, ovary, breast or 
bladder. 

6. The method of claim 1 or 146, wherein said viral expression construct is selected from 
the group consisting of a retroviral vector, an adenoviral vector and an adeno-associated 
viral vector. 
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7. The method of claim 6, wherein said viral vector is a replication-deficient adenoviral vector. 

8. The method of claim 7, wherein said replication-deficient adenoviral vector is lacking at 
least a portion of the El -region. 

9. The method of claim 8, wherein said promoter is a CMV IE promoter. 

1 1 . The method of claim 7, wherein the expression vector is administered to said tumor at least 
a second time. 

12. The method of claim 11, wherein said tumor is resected following at least a second 
administration, and an additional administration is effected subsequent to said resection. 

13. The method of claim 1, wherein said expression vector is administered in a volume of about 
3 ml. to about 10 ml. 

14. The method of claim 11, wherein the amount of adenovirus in each administration is 
between about lO' and lO'^ pfu. 

16. The method of claim 1 or 146, wherein the expression construct is injected into a natural or 
artificial body cavity. 

17. The method of claim 16, wherein said injection comprises continuous perfiision of said 
natural or artificial body cavity. 

18. The method of claim 16, wherein said body cavity is an artificial body cavity resulting fi-om 
tumor excision. 

19. The method of claim 1 or 146, wherein the p53-encoding polynucleotide is tagged so that 
expression of p53 fi-om said expression vector can be detected. 


25527110.1 


22 


20. 


The method of claim 19, wherein the tag is a continuous epitope. 


26. The method of claim 1 or 146, wherein said expression construct is administered to said 
tumor at least twice. 

27. The method of claim 26, wherein said multiple injections comprise about 0.1-0.5 ml 
volumes spaced about 1 cm apart. 

28. The method of claim 1 or 146, further comprising contacting said tumor with a DNA 
damaging agent. 

29. The method of claim 28, wherein said DNA damaging agent is a radiotherapeutic agent. 

30. The method of claim 29, wherein said radiotherapeutic agent is selected from the group 
consisting of y-irradiation, x-irradiation, uv-irradiation and microwaves. 

3 1 . The method of claim 28, wherein said DNA damaging agent is a chemotherapeutic agent. 

32. The method of claim 31, wherein said chemotherapeutic agent is selected from the group 
consisting of adriamycin, 5-fluorouracil, etoposide, camptothecin, actinomycin-D, 
mitomycin C, verapamil, doxorubicin, podophyllotoxin and cisplatin. 

36. The method of claim 1 or 146, wherein said tumor is located into a body cavity selected 
from the group consisting of the mouth, pharynx, esophagus, larynx, trachea, pleural cavity, 
peritoneal cavity, bladder interior and colon lumen. 

37. The method of claim 11, wherein said expression construct is administered to said tumor at 
least six times within a two week freatment regimen. 

146. A method of inducing apoptosis in a tximor cell expressing wild-type p53 in a human 
subject with a solid timior comprising the steps of: 
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(a) providing a viral expression construct comprising a promoter functional in 
eukaryotic cells and a polynucleotide encoding a functional p53 polypeptide, 
wherein said polynucleotide is positioned sense to and under the control of said 
promoter; and 

(b) parenterally administering said viral expression construct to said subject, the 
administration resulting in expression of said functional p53 polypeptide in cells 
of said tumor and inhibition of tumor cell grov^h. 

147. The method of claim 1 or 146, wherein the expression construct is administered 
intravenously. 

148. The method of claim 1 or 146, wherein the expression construct is administered by direct 
injection into the tumor. 

149. The method of claim 1 or 146, wherein the expression construct is administered 
intraperitoneally. 

150. The method of claim 1 or 146, wherein the expression construct is administered 
orthotopically. 
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Abstract 


Motstioni or the pS3 gene coostilDte oat of the •■^'^r*'^l^^jrr 

this study, we introduced wJd-typ* pS3 into two stpanU SCCHN cdl 
lints via » rtcoiDbinaot «Jc»ovirtl Ytctor, AdSCMV-pS3. Noithern Wot- 

ant slx>wtd »t hBowioR iaftttlOI. 1^ tht wild-l,p. yS3 »au>o^ 
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tatoes. aBd invctig-auon in recent »:a«. Mteranon, n. P^E«'. 
-induding dt^ction. insertion, and point mutauon. aic the most &e<iuem 
genetic tvents in m..y difeicnt c«rcit,on,as. such as those of me 
folon (8). breast (9). and lung (10). * well a.s saft-n«ue «rconu* and 
leuke-nias OD- Several invcstigatms have demonstraied the h.gh 
ftoquency of p33 gcoe alterations in SCCHN (12. 13). 


(AdSCMV-pSS), cells prudutta tip to lo-ioto diew - — «>«e in the ctiolOgY Ot many nmriaji (14)- Report J^^^'^ 

^^A^Jin cdk ireoted^ai. T-tor otJy (wKbo-t PS3).^^ ^o^tcd thai ^wth of several riAfcnt bu l n an cancct cell Un«, 
NottioB showed that tlx tocr«s«J levds of pS3 prtrtrin p^ducd to th. tepresemativcs nf colon cancer (15), glioblastoma (16). 

XdSGSv-pS3..ftc«dc.,.s wc«a«a.«lo.or^i-^m»^^ SitS.^^ar«"> osteosarconu. (18), can be functionally , up. 

,Uro growth «.y, ««Jcd grfwib .rrtat '^«^--« f'P'^!^^ J^ld by DNA tranrfection or rejtovin«-in«fU.ed transfer of the 

aetDt for SCCHN since inlwdnolon of wild-trpc p53 Into SCCHN cdl ^..^heroids (20). „„HiH«r for to 

^ Mtcnuatts their rtpll-tio. -d tomor growtb. -p^e adenoviral vector has emerfied as a leading f« 

vivo gene therapy in the past few yea«. It enjoys .n .»dyan^S^ 

Introduction uadiiional DNA transfection a«d ritrovual transfer m its h^* 

V, dency of transfeiring potentially ihetapcutic genes into a wide tango 

Patients with SCCHN' are afflicted with a disease process to often r ^ ^^^^ ^^^^ adenoviral vector containmg 

has ptofo.md efTeci. on speed:, swallowing, and cosmcsts. F-'^J^;^ _ (Ad5CMV-p53; Ref. 62) pn»vidcs us with an attractive 

the overall rate of survival among these paneirts has remained undianged ^^^^^i^ ^ investigate the effect of cxosenous wjd-lype p53 
at appromnatdy 45% for nearly 30 years since cootempotary surgery ^ jj^^ j^.h i„ virre and in vivo. Tic oulcnme of this 

and radiation therapy were institutod 0)- Treatffleni faflujcs aniongdi«e ""^-^^^ jj,, dcvclopindnt of the p53 adenoviius or 

patients remain local and regional; only 10-15% of patients with the s^ J n,oieailaf therapies for 5CCHN U warranted, 
disease die of distant metastasis alone (2). 

Although wc have gained in understanding of the molecolar events ^^^als and Methods 
in the initiarion and prosression of SCCHN. they continue to tequiie ^-.w H.,man SCCHN cell line -n-US 

intensive invcsiigadon. A recent study identifying loss of bcierozy- ceD Lines «d Culturt 5^!^^ J^lS^^flLTiZSL 

godty ofchxotnoLn,e9p21-22as.hcmostfrequentscnctical.eration .„a ^^'g^^^^j^.^KS^-l^^^i^^^ 

t SCCHN sueeested that this may be an early event in progression SutEtiy. M. O. Andersoa C.nc« ^-^^ uiraaa 

I'SSISL. (3). ^JL«r. -.^"'-ivrz r^HSSsszr:^ 

pression of ctUular and nudear oncogenes, such as <xrB-l (4). «r-2 developed vi, " " 

(5) hct-l (6) and c^yc (7). have been docurosnted in these cancer*. 
-mi tumor suppressor gene p53 has been the subject of immense 
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Rrccivtd 4/lS/94i .■KrxpUd 

Tlw eottJ of publlotioQ of ihit iniUe ■«« dcLv"! tn pMtby 
cK-^rc^ Thij Jrtidc must Ibeitlore be hereby nailci aivtrtuam 

Ot«<l I (bod, to J. A. R-k b, rf" » *e DivB.oo of Sjirtenr fc^ I"""^^ 
ta the Core lab F»lily; the Oolvauy of Tex- " " Ctmei Oor» 

Crmt CAI6fi72; uid by a ttocioui jilt &om t^ 

> To whom mticm tat ttptints ihwU be ~- •• -•■ 

Ccua. Dcpanmeat of Head iiW Neck Sugciy. Box 59. liJS 
Houioa ra 77(00. rf*,>„.<l Mil ntcfc 

» T),. .bb,^;uJo«s used SCCHN. »iwmou. ce« "f 
t>tA£M/F12 Dulbeooo's modifed Eagle"" oKdlum/Hsa's F-12 milium, FBS. i™ 
SSSn: C^cjtomesalo™^ Ad5CMVl«. ^"^^P" 

.faiovinis: cDNA. coroplrmenury DKa; MOL OuUipUQiy ot mfecuoo; SDS. so^B 


aiguamous carcinoma a nd a 
V. -.^ laryns, respectively. Both cell 
Ii^"'w^ developed ^» pnm2aya^<i^ tochniqot aiul art cytokenitin pos- 
itive and nanoticcnic io atbymic nude and SOD mice, -p-ca cells *a*|ro«n 
in DMEJ*F12 -nediuo ^uppUaenicd with 1(1% beat-in»ctiv,tcd FBS w.ta 
pcoiallin/snrplomycia. ^ . . 

Rtcombinant Adcnoriius Preparatioo ud InDecfon. The rcccnbmaw 
p53 adenovinu (AiSCMy^Ret 22) couraies the ^MV^^mou^ynM- 
i~n53 cDNA. uid ^4g^yadcnyl«ion BgDal in a mmisene casstne 
Iflsetxcd into th l e El-delS^g!"" of modllJed Ad5. Vi™l duOs wexe pr^ 
.gated in 293 cc lH. t-eUs weif l Ui mted 3<5-41> h afitr iaftction. pdlrled 
reSMSpended in ph«pl«lc-bu<rc4«l saline, and ly»«I; cd' '^'"^'^ 
by iuwUting *c cells to Csa gndicnt jmrifiaition. Conccntnted vuus w^s 
dialyied. Jiouoted. and stoted at -80^:. lafeciion was eanwd out by the 
^Eof L vims to the DMEM/Fli2 medium and 2* FBS U, a« cej 
a,onoUy«s. The cells were Incubated ,:at 3rC f^ " "un wt* co,»tan^ 
»eiUlioo. Then conrplclc mediun. (DMES</F12-10« FBS) w«. «ld«l. »i«J the 
eclU were ij)0)b»ted u src tot the deslied lengd> of tune. 

Notthtm Blot Analysis. Total RNA »*as isolated by the acul-gtunidmiwn 
thiocyanate ■neaK>d of Chomczyadd and Sacdli (23). Northern analy^ 
pertonnod on 20 of loUl KNA- The ^cmbrme was hybndized with a />53 
3662 
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cDNA probe libeled by the uniiom primei metbod in 5 x SSC-5 x 
DentardfS soluiicn-OST. SDS-dcMwrcd s>lmon sperm DNA (20 ^gMJ). 
TV membrane w« .Uo Mvpti and rcptobcd wUk glyc«.ldchyde.3. 
riosphate dehydrogeiuse cDNA for RNA lomding controL Tlie reltbTc 
quaEaUei oI,.53 cxpwcd *c« detennined by dcnsitametec (Moleerulu 
Dyftsmics, Inc., SMnnyv*!*. CA). . ^ . . a. 

WBtenmolABiOTsti. To»l cell lyMtes were Prttared by sw»ie«tin8tte 
otlH 24.h pojtinfeaioQ U RlPA buffa (150 mx NaO. IS)% Nonidet P-W. 
0J» jodium dcoxycholnc. 0.1* SDS. and 50 om THj. pH 8.0) to 5 s. Fifty 
^xg of protein from sunples wat objected » 10% SDS^ly»«yUmide 
electrophoitsis aod transfcirwl to Hybond-ECL n>embr»ne (AmenJam). Tlw 
membrane w« blocked with BloltoTTweeo (5» nonfat diy milk. 0-2*T»«a 
20, and 0.02* sodium »»"dc m photphatr-buOered saline) and probed Witn 
the' primary antibodic*, mouie ami-humas p53 monodoaJ antibody PAblMl 
and moose aoti-human P-Jctin moaodonitl antibody (AmeisbamX ">« 
stcoodary antibody, hotsenidish pertixidaso-eonjugated goal anti-mouse IgG 
(Boehiinger Mannheim. Indianapolis, IN). The membrane wa<i ptoccaiod *nd 
developed as the mamifaetuier sueeetred. 

ImiDunuhislodieaBlcaJ Asalysia. The infected oeD monolayers w«e £*ed 
with 3J% forroalin and treated wilh i% H-O, in methanol for S mm. 
ImJiTunohinochcBiieal stainiag was pcTftnncd by using the Vectastjift Elite Jul 
(Vector, BwUoeunc CA). The priom> antibody tued wait the »nd-p53 anU- 
body PAblSOl, and ihc secondary lotibody was an avidin-Ubeled ami-mouJe 
IcG (Vector). Tllc biotinyUted boiseradisb peroxidase av>din-*ioria complex 
rcasent was used l« detect the antigen-antibody ooaplex. Preadsorpiicn too- 
irolj were used in each immunosiaiAing cxpctimenL Tie ctUs were then 
countcrtlained wiih Hams hematoxylin (Siema Oiemical Co, St. Louis, MO). 

Cril Crwwlh Aisay. CcUs were plated at a density of 2 x 10* ccn.<;Anl m 
6-weU pbics in triplicate. Celb *ere infected with eitf»er wiUl-lype (Ad5CMV- 
p53) or replicaiMi-ddicicM adenovirm as a eoMTOl. CelH were harvested 
every 2 days and counted: their viabdii, ■m. determined by trypan blue 

U^aiOoo Of Tumor Growth ut Vivo. The egect of A dSCarfV-p53 OP 
established s. c. tumor nodules was detennined in m)dc mice in a defined 
palhoeeo-fite cavironmettf. ExperimenU were renewed and apptuved by 
insomtionsi commilites for both animal care and use and tot recombinant 
DNA leteareb. Briefly, followins induction of accpromiane/Vetaminc 
thoia. three separate s.c flips were elevated on each animal, and 5 x lO" 
in ISO id of complete media were injected S-c. into each flap using a bloni 
ntcdk^e cells were kept in lie pocket with a harisonlal mattress suture. Four 
iniiual's were med fcr each cell line. Afler i day*, tbe aniiiab j»>etrTCTl ct- 
ihclized. and tte Baps were teelevaled for the deUvcty of 
Ad5CM'v-p53 (10'' PFtJi in the tiglit anterior Bap; (b) ctylKatWtr'atrcaWb 
vinis aO" PFU) in the tlgVposterior Hap; and (c) tnnsporr medium alone, m 
tic left posterior Oank. AU injection sites had devdoped $.e. visual and 
pJpabU nodules before treatment was administered. AnimaJt were observed 
daily and sacrificed on day 20. h vivc ttunot volume was calcubtcd by 
»suimog a spbeticil shape with the uvewge tumor djamcter calculated aa the 
squire toot of the product of cross-se<tionaI diameters. Foilowing sacrifie*. 
excised tumors were measarod throe dimendooaDy by micttjcalipcn to deter- 
miae tumor volume. A nooparamtlrie Friedman's n»o-way analysis of vari- 
ance test was used to test Ite sitnificancc of the difference between means of 
samples: the SPSS/PC+ software patkage (SPSS. Inc., Chicago, IL) w»s used. 

Remits 

Adenoviral Infection of SCCHN Cells. The conditions tor opti- 
mal adenoviral transdtiction of T\)-13S and Tu-177 cells weie dctcx- 
mined by infecting these cells wjlh adenovirus expressing the £j- 




cffieierey «rSCt3IMeeIl lines Ta-138 (A) isd TulT7 A 
ana uicd to ifilcei the oellt at diSeresI MOb nnpnc ■'O'" 
altiva cdb woe obtained fiom ae^mw JOO ccUt 

fcxegtoou»jtfJinRNA2*ha(WAdJCMViiS3 

lau,,^.^^ /»iul2,293«ndKS62eenj;t«jpeaively.£««»J»"il*. 

TM-IM and Tu-ir» cells. Uacs 4 mi 7, Ttf-138 and T« 
Luna S and t. T»-138 a«J T».\n " — ' - 

Showed 97 to \O0% infecUon efticiendes after iotaihatlon with 30 lo 
SO MOI P-gal adenovirus (22). ; 

Expression of EKigenotas pS3\ aXSA in Ad«Jioviras-infect«l 
SCCHN Cells. Tw human RfTTtN eell lines were ch oseA for this 
study; both ceU lines Tu-138 and Iju-m possess a mutated pS3 gene 
(unpublished data). The recently created recombinant wild-type pS3 
adenovirus. Ad5CMV-p53, wtis uied to infect Tu-138 and Tu-177 
cells. Twenty-four h after infbcdon, toUd RNA was isolated, and 
Northern blot analysis whs pcrfonnod. The transforwed primary hu- 
man etnbiyonal kidney cell line 293 was used as a positive control 
because "f 't^ h'"!' Icyci of cxpifcssion of <hg p53 gene product , 
wh»e« K562. a Ivnmhoblasto ma tdU line wit h a homozygous dele- 
tion of the pS3 gene, was the rteeative contro l (Fig- Itf, j-at^s i ana 
2, respectively). Due to unequal -loading, only a fraction of the 
cndoeenous p53 mRNA was detected in the 293 cells (Fig. boaom 
panel}. The levels of the 2.8-fcilobase endogenous p53 mRNA de- 
tected in the samples isotatod bam mock-infected cells (Rg. lA 


«unb^^^.henLber^bluecelU.fterX.g.ls..ining.TT.ereappeared ^Jenovinis. dl312 (F.g li». LancS ^, "J.^rTs, ^^Ja w^ 

tobeaLarrelationshipbctwccnthcnumberofinfectedcellsandthe 10-fold higher levels of ^"^^^"^^.fj^^Z 

number of adenoviT^articlcs used. Cells inoculated with a single P««»» '"^^ '^PSJj^t^'?,^'^ ^ 

dose ot 100 MOI 0-gal kLoviius cxhibitod 60% blue cell, (Kg- W). «). indicating thai the «oeen^* f ^^^^^j^^'^J,^, 

and this was improved to 100% by multiple infections (data not duced into these J'^-^'^ ,^^^^ 

shown). The ,n^v«:rion efficiency of this vector in SCCHN cells is level of endoserto»«p53 "f^^^ m(lhe« c*l^ w^^^^^^^ 

quite different from that of other ceU lines examined previously; in the expenmen^ controls, ^.'^^^^^^'l "° ^"'^^ 

HeLa. HepG2, LM2, and human non-smaU cell lung cancer ccU lines Ad5CMV-pS3 (DNA) conUmm.tl,6n of MA. 
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OEUvmi SWfRESSION OT SCCIW BY APKfrVIRUS WUJVIW. pS3 


Expression of p53 Prottin In Ad«ovmtf-.ntected SCCmj 
C.r^W««m blot analysis w« perfonncd to comi«« the levels of 
p53 mRNA to the amount of p53 protein produced. A p53 band. 
fS,^£d by mono.-pedf.c ««ti-p53 ^tibody PAblSOl ob- 

(Kg. Z4. S). Cell line 293 sht^^d high levds «rf pS3 prot«^ 
ffi 24. 7). S«.ples isoUtcd from »ock-^d Ta-138 »d 
Tu- 177 ceUs exhibited low levels of p53 protein (fig. 2A, Lmcs 2 and 
5). The level of p53 expression remained similar m thoK ccUs 
infected with the dl312 adenovirus (Fig. 2A. Lanes J and 6). Tbc 
levels of p53 antie«n <l«e««d « A45CMV-p53-infected ceUs were 
significandy higher thin the levels of the endogenous muuted pro- 


Uins in both cell lines (Fig. 2A. Unes 5 and 7), This resvilt indicates 
that the exogenous p53 mRNA produced from cells infected with 
Ad5CMV-p53 is c£Bciently translated into immunorcactive p53 pro- 
tein. Ftathermote, immunohistochemieal analysis of eeUs infected 
with Ad5CMV-p53 revealed the characteristic nu<Jear stainiss of p53 
protciB (Fig. 2B, right pcme/). whereas mock-iDfeaed cells failed to 
show simflar staining despite the preseicc of the p53 protein in these 
cells OFtg- 2J9, panel). This inability to deteci the protein may be 
attributable to the inscnsilivity of the assay. 

Effect of ExogcDons pS3 on SCCHN Cell Growth w Vttro. Cells 
infected with control virus dI312 had growth rales similar to those of 
the mock-infceied cells (Fig. 3X whereas growth of the AdSCMV- 
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cHeett. Fig. 4 shows representatixc Tu-lSS (/r/») and Tu-177 reapi- 
cnis Iriehr). Siiable tumors are apparent on bo* posteiior flips of the 
aninuls (ie., the Siies thai did not iective Ad5CMV-p53). The lack of 
tumor prosressioa is sifinificanl [in the righi tntciior naps of the 
animals w^ch received Ad5CMV.p53 {P < .04). Tlat Tu-177 cells 
have a slower growth rate h«s h«en established previously u these 
aaimaKTwo animals in the Tu-m group had complete clinical and 
wrtholofiical regression of thcii established sx. hnnor nodule. TWo 
Sds iTthe -rVi-lSS group wt« killed early because .hey were 
expericaeine rapid growth and uloeolion of the control famor sites. 
All surgicia sites had developed: lesions of at least 6 o<*^ 
iiiteivcntion. The nunor volumes on necropsy are shown a Table 1. 

Discussion 

Mutations or deletions of the tumor suppressor gene we the 
most frecucnt genertc alterations lieponed in SCCHN. Since the wild- 
type p53 gene is believed to b1 involved primarily in delivering 
antiprolifcialive signals that may be capable of wtogoflizins the 
growth-stimulatoty signals propqeaw^ ^ oncogene products, the 
potential molecular therapeutic effea of this gene in SCCHN deserves 


Days 

Tig. >. tnWfcluon or SCCKH ocfl ttowth in »i<nx A, bto-U. cuve "t^'-'^ i^^ 
cJIv (•), dUl2-l«£cctrd ctlU t*). ^ AOJCMV^-uifecttd <«D» 
l^l^c^c of iocl4«>fccwJ TM-m clU (O). dl31I.i«f««l odh AX =nd AdSCMV- 
pSi-UJcaai edU (p). Al «ch iiidioicO lime polni. ihfct (fisha of ccUj ■ 

ooaoied. Tbt mtan oJ oeB c 

aniaci tte Dumba of day* 


ra irypiloind 


pS3-infcctcd Tu-133 (Fig. 3A ) and Tu-177 (Fig. 35) cells was greatly 
suppressed. Twenty-four h after infection, an apparent morphological 
change occuned wiih portions of the cell population rounding up and 
their outer membranes forming blebs. TTiese arc part of a series of 
histologically predictable events ihal constitute programmed cell 
death. The effect was more prominent for Tu-13S than fer Ttt-177 
ccUs. Cells in/ected with the rcplication-defecUve adenoviiMS, dl312. 
demonstrated noinul growOi characteristics with no hisiomorphologi- 
cal abnormulities. Growth assays were reproducible in four repeated 


experiments. 

Inhibition of Tumor Growth at Vivo. Seven anmials were tcslca 
for each cell line. One •>r,itn,^ in the Tu-1T7 group died following ibe 
second flap surgery and delivery of the therapeutic interventions, 
presumably due lo profound anesthesia and subse<iuent mutilation by 
cage mates. Necropsy revealed no evidence of metastasis or systemic 


The rapid development in the field of penc therapy, including the 
acation of adenoviral vectors, has'createo an environment thai »s well 
suited tat progress towiud novel gjae therapy of SCCHN. Because of 
their raniral tropism for aemdigestite tract epithelium, adcnovirxjses may 
be imiondy suitable for the ttwsienl delivery of genes to cancers In these 
epiihSal tissues. The recombinant, replication^dcfisctive adcn^niS« 
ihiU have been dcvcU^ to gene therapy »e missing the entire Ela uio 
pan of ifae Elb regions and are. theafefoie. capable of propagating only in 
cells that can provide the El proteins in trans, such as the 293 cell Ime. 
In the past few years, rccombinanti adenoviruses have been extensively 
developed and used for in vfw> gene therapy. Tl»e high transfia efBciency 
of adenoviral vectors over a broad tjage of hosts both w liB-o «nd in WW 
make them aniactivc vehicles fbr nioleeubr therapy. Recently, a recom- 
binant wfld-typc p53 adenoviral vcctcc (Ad5CMV-p53) was generated. 
This provided us with an eweltejl candidate for invc3tigai«>n of the 
biologieal effects of the wild-type >pS3 gene product on SCCHN cells 
bearing the mutated p53 gene. U<iing a p-gal iceombinant adenoviius. the 
gene ttansfer efBdency of SCCHN cells was established. Apptoximatt^ 
60% of SCCHN cells were posaivij after X-gal staining. There appeared 
to be a linear coirelition berweco the number of cells expressing the gene 
and die amount of viral particles iised in the otperimenL This result 
coincided with the efBdency obtained in ccDs infected with AdSCMV- 
pS3 after immunostaining by asing a monodonal anU-pS3 antibody. Our 
observed tnuisducdon efficiency wias low» than thai achieved u other 
cell lines tested, inchiding HeLa. Hq)G2. LM2, and the human non-smaU 
cell lung cancer cell lines. This diiacpancy could be due to a host of 
factois. including receptor variatiooB and difieiences in mcmbtane char- 
acteristics among the cell lines. Additionally, the transduction efficiency 
of SCCHN cells may have been uidctcstiroaied by limitations of light 
microscopic analyses. ! 

Ad5CMV-p53 mediated a high (level of espression of \htp33 gene 
in SCCHN cells. Two p53 mRNA species were detected in the 
Ad5CMV-l»53-infecTcd ccUs. Theihigh level of l.S-knobase mRNA 
was derived from the transduced pS3 cDNA following infection with 
Ad5CMV-p53, indicating that th^ adenoviral vector is an efficient 
vehicle for gene delivery into hianan SCCHN cdls. Moreover, the 
Icvcb of endogenous 2.8-kjlobasi mRNA were higher in the trans- 
duced cells than in the eontiol$< presumably due to the effect of 
wUd-type p53 gene prwduct. TWs phenomenon of transcriptionf' 
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iutoregularion of the p53 gene has been well documented in murine 
cell lines in which the wild-iype pS3 can tnasactivatB its own pfo- 
moier and tte mutant p53 fciJs to regulate the p53 promoter (24). 

Due to the episomal property of adenoviral vectors, nil the input 
DNA following infcctioo with AdSCMV-p53 is presumably degraded 
slowly throughout incubation. By using polymerase chain reacrion- 
based detection techniques. DNA can be detected as late as 14 days 
postinfectioa (data not shown). 

Western bbt analysi."! dtnioastratcd that there were few or no 
changes of p53 protein levcU between mock- and rcplication-<Jefec- 
tive Mdcnovirus-infectcd cells, whereas production of pS3 protein was 
significant in Ad5CMV-p53-infected ctUs, soggestios t»>at the exog- 
enous p53 mRNA was eflicicntiy translaicd. Time course protein 
expression studies have shown protein expression to peak 3 days 
postinfection and progressively decline to still detectable Western 
blotting leveU on day 15 (22). ninctionaily, these SCCHN celte 
tran.<tduced with wild-type p53 gene exhibited significant inhibition of 
growth in viiro as compared to the niock-inlcctcd and replicarion- 
defectlve ceUs. thus clearly illustrating that these rwults were not 
mediated by the virus itself. The mechanism by which wild-type p53 
protein inhibits growth in vitro may be rdatcd lo arrest of the G, cell 
cycle (18). apoptosis (19. 20), or inductor of another tumxjr suppres- 
sor gene such as WAFl/aPl (25). The induction of apoptosis is one 
of the several documented functions of wild-type p53. When Tu-138 
and Tu-177 cells were infected with Ad5CMV-p53 at 100 plaque- 
formijie uoits/ceU. the characteristic ipopiotic histomorpbotogy, such 
as rounded-up cells and the formation of blebs, was apparent as early 
as 4 h after infection and was followed rapidly by cell death (data not 


shown). However, the mechanism of growth suppres.«tion and cell 
death induced by Ad5CMV-pS3 requires further investigation. 

Eneoura^g results were also obtaiibd ifl the nude inicc Studio 
Tumor growth in the Ad5CMV-p53-iDrected cells was suppressed by 
at least 60 times more than in the ©cperfmentsl controls. Tbese in vivcr 
resulb cooHrmed the £« wrr» e..^ of Ad5CMV-p53 on hwiwm 
SCCHN cells, suggesting that the wild-type p53 protein mcdutes a 
potentially therapeutic effect AJtJ»0U8»| the wi vivo studies are in their 
infancy, they nevertheless portend ih*; developmeBt of a model for 
gear therapy in SCCHN that uses p53 adcnoviius as a thcrapetuic 
intervention. Information derived from such studies could be ex- 
panded in the development of other no>jel molecular therapies thai use 
adenoviral vectors, not only in SCCKtJ but in other hunuui cancers. 
Several critical questions remain unanswered. How should the insult 
&om anUbodies that may "rise in uninj-ils or patients following vital 
tieatment be aUcviated? How safe is this virus in humans? The results 
of the ptcliniinary studies justify futther investigation of in vivo 
animal models as well as mechanisms; through which w0d-type p5J 
regulates these in viaro and in vivo eftbcts. 
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Table 1 . Colony formation af^er transfeccion with 
wild-type and mutant pS3 expression vectors. For 
each experiment, one or two 75-cm' Basks were 
transfeaed (13), and the total colonies counted 
after 3 to 4 weeks of selection in geneticin (0.8 
mg/ml). Exp., experiment. 


pC53-SC3C3 pC53.SN3 
(mutant) (wild-type) 


Suppression of Human Colorectal Carcinoma Cell 
Growth by Wild-Type p53 


Suzanne J. Bakbr, Sanford Markowitz, Eric R. Fbaron, 
James K. V. Willson, Bert Vogelstbin* 

Mutations of the p53 gene occur conunonly in colorectal carcinomas and the wild-type 
p53 allele is often concomitantly deleted. These findings suggest diat the wild-type 
gene may act as a suppressor of colorectal carcinoma cell growth. To test this 
hypothesis, wild-type or mutant human p53 genes were transfected into human 
colorectal carcinoma cell lines. Cells transfected with the wild-type gene formed 
colonics five- to tenfold less efficiently than those transfected with a mutant p53 gene. 
In those colonies that did form after wild-type gene transfection, the pS3 sequences 
were found to be deleted or rearranged, or both, and no exogenous pS3 messenger 
RNA expression was observed. In contrast, transfection with the wild-type gene had 
no apparent effect on the growth of epithelial cells derived from a benign colorectal 
tumor that had only wild-type p53 alleles. Immtuiocytochemical techniques demon- 
strated diat carcinoma cells expressing the wild-type gene did nof progress through the 
cell cycle, as evidenced by their &ilurc to incorporate thymidine into DNA. These 
studies show that the wild-ty|>e gene can specifically suppress the growth of hvunan 
colorectal carcinoma cells in vitro and that an in vivo-derivcd mutation resulting in a 
single conservative amino acid substitution in the p53 gene product abrogates this 
suppressive ability. 

ONE copy OF THE SHORT ARM OF 
chromosome 17, which harbors 
the p53 gene, is lost in many hu- 
man tumors, including those of the colon 
and rectum (1-3). In the majority of human 
colon carcinomas with allelic deletions of 
chromosome 17p, the remaining p53 allele 

addition to colorectal carcinomas, p53 gene 
mutations have also been found in conjunc- 
tion with chromosome 17p allelic deletions 
in tumors of the brain, breast, lung, and 
bone {4-S). These studies arc consistent 
with the hypothesis that the normal (wild- 
type) p53 gene product may function as a 
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suppressor of neoplastic growth, and that 
mutation or deletion, or both, of the wild- 
type gene inactivates this suppression. This 
hypothesis has been supported fay studies in 
rodent cells. For example, p53 alleles arc 
often rearranged or mutated as a result of 
viral integration events in Friend virus- 
induced mouse cryihrolcukcmias (7). Addi- 
tionally, in transfection studies, the wild- 
type murine p53 gene has been shown to 
inhibit the transforming ability of mutant 
p53 genes in rat embryo fibroblasts (8). 
Other smdies, however, have suggested that 
expression of the wild-type p53 gene prod- 
uct is necessary (not inhibitory) for cell 
growth (9, 10). Thus, the effect of wild-type 
and mutant p53 genes on cell growth may 
depend on the cell type examined. Wc now 
show that expression of the wild-type p53 
gene in human colorectal carcinoma cells 
dramatically inhibits their growth. JVlore- 
over, a p53 gene mutant cloned from a 
human colorectal carcinoma was biological- 
ly inactive in this respect, as it was incapable 


of inhibiting such growth. 

The colorectal carcinoma lines SW480 
and SW837, which are representative of 
75% of colon carcinomas, have each lost one 
copy of chromosome 17p (including the 
p53 gene), and the remaining pS3 allele is 
mutated (5, 4). The SW837 line contains an 
argininc to tryptophan mutation at codon 
248 (4). The SW480 line contains two point 
mutations, argininc to histidine at codon 
273 and proline to serine at codon 309 (4). 
The substitutions at codon 248 and 273 are 
typical of those observed in human tumors, 
occurring within two of the four mutation 
"hot spots" (4). For the transfection studies, 
we constructed a vector, pCMV-Neo-Bam, 
engineered to contain two independent 
transcription units (11). The first unit com- 
prised a cytomegalovirus (CMV) promoter/ 
enhancer upstream of a site for insertion of 
the cDNA sequences to be expressed, and 
splice and polyadcnylation sites to ensure 
appropriate processing. The second tran- 
scription unit included a herpes simplex 
virus (HSV) thymidine kinase promoter/en- 
hancer upstream of the neomycin resistance 
gene, allowing for selection "of transfeaed 
cells in geneticin (11). A wild-type pS3 
cDNA was inserted into pCMV-Nco-Bam 
to produce pC53-SN3. Similarly, a vcaor, 
pC53-SCX3, expressing a mutant cDNA 
from human colorectal tumor CX3, was also 
constructed. The only difference between 
pCS3-SN3 and pC53-SCX3 was a single 
nucleotide (C to T) resulting in a substitu- 
tion of alanine for valine at p53 codon 143 
inpCS3-SCX3 (12). 

The constructs were transfected into 
SW837 and SW480 ceils (13), and gencti- 
cin-rcsistant colonies were counted 3 weeks 
later. Cells transfected with pC53-SN3 
formed five- to tenfold fewer colonies than 
those transfected with pC53-SCX3 in both 
recipient cell types (Table 1). In both 
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SJV837 and SW480 cclU, the number of 
colonies produced by the expression vector 
pCMV-Neo-Bam (without a p53 cDNA 
insert) was similar to that induced by the 
pC53-SCX3 construct. 

These results suggested that the wild-type 
p53 gene inhibited the clonal growth of 
both die SW837 and SW480 cell lines; 
however, a significant number of colonics 
formed after transfection of the wild-type 
construct. If wild-type pS3 expression were 
truly inhibitory to cell growth, one would 
expect diat no colonies would form or that 
pS3 expression in the colonies that did form 
would be reduced compared to that pro- 
duced with the mutant p53 cDNA con- 
struct. To evaluate this issue, we expanded 
independent SW480 and SW837 colonies 
into lines, and ribonuclease (RNase) protec- 
tion analysis was performed to determine 
the amount of p53 mRNA expressed from 
the exogenously introduced sequences. 
Twelve of 31 lines (38%) derived from 
transfection with the pC53-SCX3 
were found to express the exogenous 
p53 mRNA. This percentage 
with results expected in human cells 
fected with a vector containing two inde- 
pendent transcription units (M). In 
trast, no expression of exogenous p53 
type mRNA was seen in any of 21 clonal 
lines establish«i from cither SW480 or 
SW837 cells transfeaed widi the pC53-SN3 
vector (Fig. lA). These RNase protection 
results were supported by analysis of the 
exogenous p53 DNA sequences within the 
clones. All of the p53-exprcssing clones de- 
rived from the pCS3-SCX3 transfection 
contained an intact copy of the exogenous 
p53 gene (Fig. IB). In contrast, in all the 
clones derived from the pC53-SN3 transfec- 
tion, the exogenous p53 sequences were 
deleted or rearranged (Fig. IB). 

The results from individual clones were 
further supported by the analysis of pooled 
clones, in which numerous colonies could be 
simultaneously assessed. Forty or more 
clones from two to three separate transfec- 
tion experiments were pooled and analyzed 
approximately 3 weeks after transfeaion. 
RNase protection studies showed substan- 
tial expression of exogenous mutant se- 
quences in the pooled clones, whereas 
expression of wild-type sequences was not 
detectable (Fig. 2A). Results from Southern 
(DNA) blotting were consistent with the 
RNase protection studies, in that pooled 
colonies from the wild-type transfectants 
had no detectable unrcarrangcd exogenous 
p53 sequences, in contrast to the intaa p53 
sequences in colonics derived from the mu- 
tant p53 cDNA expression veaor (Fig. 2B). 

The conclusions made from the above 
experiments are dependent on the assump- 


tion that p53 protein was produced in the 
transfected cell lines. Clones containing ex- 
ogenous mutant pS3 sequences produced 
p53 mRNA at a concentration 1.5 to 3.5 
times higher than that produced by the 
endogenous p53 gene (Figs. lA and 2A). 
Immunoblot analysis showed that there was 
a concomitant small increase in p53 protein 
expression in the transfectants (1.5- to 3- 
fold) compared to the untransfcaed cells 
(15). However, this increase was difficult to 
measure quantitatively, since these cells pro- 
duced significant amounts of endogenous 
p53 protein that (unlike endogenous p53 
mRNA) could not be distinguished from 
that produced by the vectors. To confirm 
that transfected human cells expressed p53 
protein from our constructs, we studied an 
additional colorertal carcinoma cell line 


(RKO). Although RKO cells did not con- 
tain a mutation within the susceptible p53 
coding sequences (16), they expressed low 
concentrations of p53 mRNA compared to 
normal colorectal mucosa or the other lines 
studied and did not produce detectable 
amounts of protein {IS). 

Results of colony formation assays in 
transfcCTcd RKO ccUs were similar to those 
in SW480 and SW837 cells. Colony forma- 
don by wild-type p53 gene transfectants 
occurred with a tenfold decrease in efficiency 
compared to the mutant p53 construct (Ta- 
ble 1). Immunocytochemical detection of 
p53 protein in transfected RKO cells {17) 
revealed that approximately equal numbers 
of cells expressed wild-type and mutant pro- 
tein 6 hours after transfection. A twofold 
difference was found at 24 hours, and this 


Table 2. Immunocytochcmjstry and ['HJthymidinc incorporation of transfected RXO cells. To 
determine p53 expression, we split RKO cells into eight flasb and individually transfected them with 
cither pCS3-SCX3 or pC53-SN3 {13). At the indicated times after transfection, cells fix)m each flask 
were fixed and stained with a monoclonal antibody to pS3 protein {17). At least J500 ceUs were 
counted for each determination. To determine t'H]thymidine incorporation, we split RKO cells into 
duplicate flasks and individually transfected them with either pC53-SCX3 or pCS3-SN3 (13). Forty-six 
hours after transfection, the cells were incubated with ['H]thymidine for 2 hours, then fixed and stained 
with a monoclonal antibody to p53 protein {17). Evaluation of thymidine incorporation in the 
transfected cells was performed as previously described (19). At least 50 p53-expressing cells and 400 
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Fig. 1 . (A) RNase protection analysis of transfea- 
ed clonal lines. A labeled antisensc pS3 probe, 
which distinguishes between endogenous p53 
mRNA and exogenous p53 mRNA, was hybrid- 
ized with total cellular RNA from representative 

lines established from independent gcncticin- ^ » mm mm .mi m' ' ' ia'Wt < Ends. 

resistant clones (23). After digestion with RNase 
A, the resulting hybridization products were sepa- 
rated by electrophoresis on denaturing polyacryl- 
amide geb and autoradiographcd {24). The la- 
beled probe comprised nucleotides 1450 to 1788 

relative to the p53 translation initiation site. * 
Endogenous p53 mRNA included all of the p53 
sequences represented in the labeled probe, so a 
388-bp hybridization product (Endo.) was pro- B 
tected from RNase digestion. The exogenous p53 

mRNA produced from the expression vector, _ ^ _ Enda 

however, only extended to nucleotide 1671; hy- • ^ " ^ - . "* 

bridization to exogenous p53 mRNA followed by 

RNase digestion therefore gave rise to a 221 -bp — ■ . 
fragment (Exo.). Clonal lines designated CMV, 
CX3, and SN3 were transfected with pCMV- 
Neo-Bam, pC53-SCX3, and pC53-SN3, respec- 
tively. (B) Southern blot analysis of transfected mm ^ ^ ew. 
clonal lines. DNA from representative clonal lines ^? 
(Fig. I A) was digested with Bam HI, separated 
by electrophoresis on an agarose gel, transferred 

to nylon, and hybridized to a labeled p53 gene probe (25). The exogenous p53 gene from the expression 
vector was present in a 1.8-kb Bam HI fragment (Exo.) if it had not been rearranged in the cell. The 
endogenous pS3 gene (Endo.) gave rise to a 7.8-ltb Bam HI fragment. 
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difference increased with time (Table 2). 
These observations are consistent with the 
greater stability of mutant compared to 
wild-type pS3 protein noted previously 
(JS). However, transient mRNA expression 
was also signiiicandy lower in the SN3 
transfectants compared to the SCX3 trans- 
fectants at 48 and 96 hours {IS), supporting 
the idea that RKO cells expressing wild-type 
p53 were at a selective disadvantage com- 
pared to those producing mutant p53 prod- 
ucts. 

To obtain additional evidence that cells 
expressing p53 were inhibited in their 
growth potendal, we examined the effect of 
p53 gene expression on DNA synthesis in 
transfected RKO cells. Forty-eight hours 
after transfection, RKO cells were labeled 
widi ('HJthymidine for 2 hours. The cells 
were subsequcndy fixed, immunocytochcm- 
ically stained for the presence of p53 pro- 
tein, and autoradiographed (J9). The num- 
ber of cells undergoing DNA replication 
was only slighdy lower in cells producing 
exogenous mutant p53 protein than in cells 
that did not express any detectable p53 
protein. Expression of the wild-type pro- 
tein, however, dramatically inhibited the 
incorporation of thymidine (Table 2). 

These results all suggested that wild-type 
p53 exerted an inhibitory effect on the 
growth of carcinoma cells in vitro. To evalu- 
ate whether this inhibitory effect was cell 
type-specific, we transfected colorectal epi- 
thelial cells derived from a benign tumor of 
the colon (the VACO 235 adenoma cell 
line). Previous studies have shown that most 
adenomas contain two copies of chromo- 
some 1 7p and express wild-type p53 mRNA 


at concentrations similar to that of normal 
colonic mucosa {1, 15). Analogously, the 
pS3 alleles of the VACO 235 ccU line were 
sequenced and found to be wild type (16), 
and the expression of p53 mRNA was found 
to be similar to that of normal colorectal 
mucosa (J5). In contrast to the results seen 
widi SW480, SW837, and RKO cells, die 
pC53-SN3 and pCS3-SCX3 constructs pro- 
duced similar niimbers of gcneticin-resistant 
colonies after transfection of the VACO 235 
line (Table 1). We considered, however, 
that the most definitive test for differential 
growth inhibition by wild-type versus mu- 
tant p53 genes involved analysis of exoge- 
nous p53 expression in pooled transfectants. 
Through such analysis, a large number of 
colonies could be examined simultaneously 
and the expression of exogenous mutant 
and wild-type p53 genes directly com- 
pared. Striking differences in the relative 
expression from the transfected genes were 
seen in all three carcinoma cell tines tested. 
VACO 235 transfectants, however, ex- 
pressed similar amounts of exogenous p53 
mRNA from either pC53-SN3 (wild-type) 
or pC53-SCX3 (mutant) p53 constructs 
(Fig. 2A). 

In summary, our results suggest that 
expression of the wild-type p53 gene in 
colorectal carcinoma cell lines was incom- 
patible with proliferadon. The inhibitory 
effects of wild-type p53 were specific in two 
ways. First, a single point mutation in a p53 
gene construct abrogated its suppressive 
properties as measured by three separate 
assays (colony formation, exogenous p53 
expression in transfected clones, and thymi- 
dine incorporation). The CX3 mutant pro- 


vided a control for gene specificity, as it 
contained only one conservative mutation, 
resulting in a substitution of one hydropho- 
bic amino acid (alanine) for another (valine) 
at a single codon. Second, the growth- 
suppressive effect of the wild-type p53 con- 
struct was cell type-specific. Introduction of 
the wild-type vector into the VACO 235 
adenoma cell line had no measurable inhibi- 
tory effect compared to the mutant p53 
vector. There are several differences between 
the cell lines that could account for the 
di£^rential effect of the introduced vectors. 
Regardless of the basis for the difference, the 
results with the VACO 235 cell line mini- 
mize the possibility that the wild-type p53 
construct had some nonspecific, toxic effect 
on recipient cells; the effect was cell type- 
dependent. 

The transfection and expression results of 
Tabic 1 and Fig. 2A suggest that cells at the 
prcmalignant stages of tumor progression 
(VACO 235) may be less sensitive to die 
inhibitory effects of wild-type p53 than ma- 
lignant cells (SW480, SW837, and RKO). 
This hypothesis is consistent with previous 
results that suggest the wild-type pS3 is less 
inhibitory to the growth of normal rat em- 
bryo fibroblasts than to their oncogene- 
transfected derivatives (5). This sensitivity 
may only be relative: expression of the wild- 
type gene at high concentrations might m- 
hibit the growth of any cell type, including 
non-neoplasric cells, by overwhelming nor- 
mal regulatory processes such as phospho- 
rylation (20, 21). Generic alterations that 
occur during the progression of colorcaal 
tumors (22) may increase the sensitivity of 
cells to p53 inhibition, making wild-type 
p53 expression a key, rate-limiting factor for 
further tumor growth and expansion. At 
this point, and not before, mutations in the 
p53 gene would confer a selective growth 
advantage to cells in vivo, which would 
explain the frequent occurrence of p53 gene 
mutations and allelic loss only in the more 
advanced stages of colorectal tumorigenesis 
(1,22). 


REFERENCES AND NOTES 

1. E. R. Fciroft, S. R. Himihon, B. Vogdnctn, Setenu 
138, \9S 0987). 

2. J. Yikoo « fl/., fVof. Nal. Atad. So. U.S.A. 84, 
9252 (1987); C. D. rames tt <(., Cmtr Ra. 48, 
554« (1988): }■ Toguichida el »/.. dM., p. 3939; P. 
Dclanic « of., tonm U, 353 (1989); J. Mackay H al., 
ibid., p. 1384; P. Dcvilee « cl., Cmomlci S, SS4 
(1989); y. C. Tsai, P. W, Nidiok, A. L. Hid, D. G. 
Skinner, P. A. )on«, Camtr Ra. SO, 44 (1990). 

3. S. J. Baker el a/., Seienu 2+4, 217 (1989). 

4. J. M. Nigro el o/., Nanm 342, 705 (1989). 

5. T. Tjkahashi el al.. Science 246, 491 (1989); R. Iggo 
« a/., Uruel 335, 675 (1990). 

6. D. Wolf and V. Rotter, Prot. Null. Aead. Sd. U.S.A. 
82. 790 (1985): H. Muuda, C. Miller, H. P. 
Kocfflcr, H. Battifora, M. 1. Cline, iWrf. 84, 7716 
(1987); J. Romano et al., Ontoitnt 4, 1483 (1989); 
R. Mashal el d.. Blood 75, 180 (1990). 

SCIENCE, VOL. 249 



Fla- 2. (A) Expression analysis of pooled clones. One to four flasks containing a total of at least 40 
independent gcneticin-resistant clones transfected with pC53-SC3C3 or pC53-SN3 (designated CX3 
and SN3, respectively) were pooled for RNA preparation (2J). Gcneticin-resistant clones formed after 
transfection of pOlV-Neo-Bam, a vector devoid of p53 sequences (designated CMV), were used as a 
negative control. RNasc protection was performed as described in Fig. lA. Endogenous and exogenous 
pS3 mRNA are designated as Endo. and Exo., respectively (see legend to Fig. lA). (B) Southern blot 
analysis of SW480 pooled clones. DNA from pooled clones of SW480 cells was digested with Bam HI, 
separated by agarose gel electrophoresis, transferred to nylon, and hybridized with a labeled probe from 
the p53 gene as described (25). The lanes represent pooled clones from SW480 cells transfected with the 
foUowing: lane CMV, pCMV-Neo-Bam; lanes CX3-A and CX3-B, pC53-SCX3 (two independent 
pools); and lanes SN3-A and SN3-B, pCS3-SN3 (two independent pools). The 7.8-kb fragment from 
the endogenous p53 gene is indicated as Endo., and the I.8-kb fragment from the cxogcnously 
inmoduccd DNA is indicated as Exo. 

914- 


7. Q. G. Hido and M. Mowit, J. Vml. 62, 4752 
* (1988); D. G. Mumoe, B. Rovinsld, A. Bernstein, 

S. Benchimot, Omogm 2, 621 (1988). 

8. C A. Finhy, P. H. Hinds, A. J. Levinc, Cdf 57, 
1083 (19S9); D. Eliyahu, D. Midulovio, S. 
EUyiliu, O. Pinhasi-Kimhi, M. Oren, Pmc. Nad. 
Aeai. Sd. U.S.A. 86, 8763 (1989). 

9. W. E. Mocer, C Avignolo, R. Bacrgi, Mol. Cdl. 
Bid. 4,276(1984). 

10. O.Shohat,M.Greenberg,D.Rei«m4n,M,C)rm,V, 
Rotter, Onagote 1, 277 (1987). 

11, The ciq>n»ion vector pCMV-Nco-Bam was derived 
(nmi plsumid BCMGNco-inIL2 [H. Kinsuyaini, 
N. Tohyama, T, T«da, J. Exp. Med. 169, 13 
(1989)] by acirion of die human beta globin 
sequences and bovine papilloma virus sequences 
witli Bam HI and Not I. Next, the intcrleukin 2 (IL- 
2) sequences present at die unique Xho I site were 
removed, and the Xho I site was changed to a Bam 
HI site by linlcer addition. The vector included 
CMV promoter/enhancer sequences, which could 
drive expression of the inscn at the Bam HI site, and 
splicmg and po^adenylation sites derived from the 
rabbit beta globin gene, which ensured proper proc- 
essing of the transcribed insert in die cetb. A 
pBR322 origin of replication and bcta-lactamasc 
gene facilitated growth of the plasmid in EsdittUhu 
all. The plasmid ' confined gencticin resistance 
through expression of the neomycin resistance gene 
uiider separate control of an HSV diymidine kinase 

A^L8-kb Xfaa I fiagmcnt, extending In 

site, was isolated fiora wild-type 

clones (3). The fragment was bhmt 

Klenow fragment of DNA polymerase, ligated to 
Bam HI linkers, and ctoncd into die unique Bam HI 
site in the expression vector pCMV-Nco-Bam. 

13. SW480 and SW837 were obtained born American 
Type Culture Collection (ATOC). RKO cells were 
obtained through die gaienisity of M. Brattain. 
VACO 23S cells arc described by J. K. V. Willson et 
ol. ICmctr Kts. 47, 2704 (1987)]. For tran 
caidnoma cells at 30 to 60% conflucn 
incubated in a 7S-an' flask in 6 ml of C 
(Gibco) widi 6 (ig of plasmid DNA and 2 

lipofcctin (P, L. Feigner a al., Pm. N<al. A 

U.S.A. 84. 7413 (1987)]. After S to 16 hours, the 
Optimem was replaced widl Dulbeccci's or McCoy's 
SA medium containing 10% fetal calf scrum. Selec- 
tion in genetidn (0.8 mg/ml) began 36 to 48 hours 
after transfecdon for oobny formation assays. Elec- 
troporation was used to transfeet VACO 23S cells 
essentially as described by H. Potter, L. Wier, and P. 
Leder [Pnc. Nad. Add. Sd. U.S.A. 81, 7161 
(1984)]. 

14. Previous studies have shown that, in contrast to 
rodent cells, ptiitute cells arc able to intc^te only a 
onall amount of foreign DNA (approximately 6 kb), 
so diat only 10 to 30% of dones selected for die 
expression of one transcription unit also contain the 
second unit in an intact form [F. CoUabeie-Garapin, 
M. Rlwincr, I. Stcpbany, P. Kourisky, A. Garaptn, 
Cent SO, 279 (1986)1 J- H. J. HoeijmakQrs, H. 
Odijk, A. Westerveld, Exp. Cell Rei. 169, 111 
(1987); L. Mayne d a/.. Gene 66, 65 (1988); S. W. 
Dean, L. Kinda, H. R. Sykes, A. R. Lchmann, I. A. 
Wise. Exp. Cell Ret. 183, 473 (1989)]. 

15. S. J. Baker, A. C. Prdsinger, B. Vogelsttin, unpub- 
lished data. 

16. The p53 gene sequences in aeons 5, 6, 7, 8, and 9 
were examined essentially as described in (4). All 
Pteviously noted point mutations in pS3 genes have 
involved one of dieae exons (see 3-J) . 

17. Approximatdy 5 x 10* cells were cytocentriliigcd 
onto polylysinc-coated slides, fixed for 10 min in 
fbraialin, and pcrmcabilized for 5 min in 0.5% 
Tiiton X-100. A mouse monodonil antibody 
apinst human pS3 protein (AblSOl) in combina- 
tion with the ABC immunopcroxidase system (Vec- 
tor Laboratories), was used for immunocyto- 
diemical detection of p53 protein [L. Banks, G. 
MadashewsH, L. Crawford, Eur. J. Biodiem. 1S9, 
529 (1986)]. Ten to 20 randomly selected micro- 
scopic fidds were analyzed per slide. 

IS. C. A. Finlay el tl., Mol. Cell. Biol. 8, 531 (1988); P. 

W. Hinds rt al., in prepararion. 
19. Cells were grown for 2 hours in McCoy's SA 

2+ AUGUST 1990 


medium with 10% fetal calf scrum and ['HJthymi- 
dine (10 nCi/ml of 50 Ci/mmol, New England 
Nuclear). After immunocytochcmical staining (17), 
slides were dehydrated in ethanol, dipped in NTB-2 
emulsion (Kodak), and exposed fbr 2 weeks at 4*C. 
Autoradiographs were developed for 2 min in D-19 
and stabilized in Rapid Fix (Kodak). 

20. A. Samad, C. W. Anderson, R. B. Cartol, Proc. Niul. 
Aad. Sd. U.S.A. 83, 897 (1986); D. W. Meek and 
W. Eckhart, Mo/. Cell. BM. 8, 461 (1988); J. 
Bisdioff el al., Pnc. Nail. Acad. Sri. U.S. A., in press. 

21. U Oilier, S. J. Baker, B. Vogelstdn, S. Friend, 
unpublished data. 

22. B. Vogdstein ei al., N. Bngl. J. Med. 319, 525 

(1988) ; B. Vogdstein el tl.. Science 244, 207 

(1989) . 

23. Total cellular RNA was isolated by die add guani- 
dium extraction method [P. Chomczynski and N. 
Saochi, Ann. Blochem. 162, 156 (1987)]. 

24. RNA (IS (ig) from each sample was used in RNasc 
protection experiments. A "P-labdcd RNA probe 


ig nucleotides 1450 to 1788 relative to the 
ladon initiation site was generated in vitto 
firom a p53 cDNA subdone in Bluescript widi T7 
polymerase. Ribonuclease protection was peifbnned 
as previously described [E. Winter, F. Yamamoco, 
C Abnoguera, M. Perucho, Pnc. Nad. Acad. Sd. 
u s: A. 82, 7S75 (1985); R. M. Myers, Z. Larin,T. 
Maniatis, Science 230, 1242 (1985)]. Autoradio- 
graphs were exposed for 16 to 20 hours. 

25. DNA purification, tairiction endonudease diges- 
tion, elcctiophoiesis, transfer, and hybridization 
were performed as described (/, J). The hybridiza- 
'dn1™J2 ™ ' ^ ' frag™« of p53 

26. We thank A. Preisinger, K. Molkentin, and J. Jack- 
son fbr technical assistance. This work was support- 
ed by grants CM 07184, GM 07309, CA 43703, 
CA *3460, CA 51504, and CA 35494 

17 April 1990; accepted 11 June 1990 


A p3 Integrin Mutation Abolishes Ligand Binding 
and Alters Divalent Cation-Dependent Conformation 

Joseph C. Loftus,* Timothy E. O'Toole, Edwarx) F. Pix>w, 
Alison Glass, Andrew L. Frelinger III, Mark H. Ginsberg 

The ligand-binding function of integrin adhesion receptors depends on divalent 
cations. A mutant am,^, integrin (platelet gpnb/IIIa) that lacks ligand recognition 
shows immunologic evidence of a perturbed interaction with divalent cations. This was 
found to be caused by a G-*T mutation that resulted in an Asp"*— »• l^*" 
substitution in the Pj subunit. This residue is proximal to bound ligand and is in a 
conserved region among intcgrins that arc enriched in oxygenated residues. The 
spacing of these residues aligns with the calcium-binding residues in EF hand proteins, 
suggesting interaction with receptor-botmd divalent c ' 


binding common to all integrins. 

CBLl^CElX AND CELL-MATRDC ADHE- 
sivc interactions are essential to de- 
velopment, inflammation, hemosta- 
sis, and immune recognition. The integrins 
are a broadly distributed family of structur- 
ally related receptors that contribute to these 
adhesive reactions by recognition of a multi- 
plicity of cxtracelluiar matrix protein ligands 
including laminin, collagens, fibrinogen, 
and bone sialoprotein (J). In addidon, inte- 
grins participate in cell-cell interactions by 
recognition of integral membrane protein 
ligands including the intercellular adhesion 
molecules ICAM-1 and ICAM-2 and vascu- 
lar cell adhesion moIeculc-1 (VCAM-1) (2). 
Although the integrins differ in ligand rec- 
ognition specificity, a requirement for milli- 
molar concentrations of physiologic divalent 
cations is common to the primary recogni- 
tion function of all integrins (3). This de- 
pendence of function on divalent cations can 
be attributed to a low-afiinity divalent cat- 
ion-binding site within the integrins, bc- 
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a mechanism of ligand 

cause millimolar Ca*^ or Mg^* can modu- 
late the conformation of a prototype inte- 
grin, platelet membrane glycoprotein lib/ 
Ilia (aiibPs also known as gpIIb/IIIa), 
which is detectable by a monoclonal anti- 
body (MAb) PMM (4). Loss of die epitope 
recognized by this MAb direcdy cotrelates 
with the capacity of aubPj to bind fibrino- 
gen. The C:am variant of . Glanzmann's 
thrombasthenia (4) is an auu>somal recessive 
hereditary disorder of ajibPs that is associat- 
ed with the inability of this integrin to 
recognize macromolecular {4) or synthetic 
peptide (5) ligands. In addition, divalent 
cations do not regulate the expression of the 
PMI-1 epitope in Cam platelets (4). These 
characteristics indicate that the presumptive 
mutation in the Cam receptor leads to de- 
fects in binding of both divalent cations and 
primary ligands. To elucidate the structural 
basis of integrin function, we identified the 
point mutation in aubPs that causes the 
Cam variant of Glanzmann's thrombas- 

Total RNA was isolated from platelets of 
normal donors and two affected siblings 
with Cam variant. For initial sequencing, we 
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ABSTRACT A wild-type p53 gene under control iA the 
metallotUoaein MT-1 promoter was stably trmsfected into 
bonuui coloa tnmor-dolTed ceO Une EB. Repeated indnctioas 
<rf the metallothionein wild-type |tS3 geae wltb tfaic chloride 
results In progressive detuchment of wild-type p53 cefis grown 
on culture dishes. Examinatioii at both the i%iit and electron 
mkroscopk level revealed that ceOs cxprcssbig wild-type pS3 
developed morpbtriogical features trfapoptoais. DNA from both 
attached and detached ceils was degraded faito a ladder of 
nudeosomal-sized fragments. ExpressiMi of wild-type pS3 In- 
hibited colony fonnadon hi soti agar and tnniM- formation fa> 
nude mice. FurtlienBore, estalilislied tomore In nude mice 
underwent regression if wild*type p53 eipresrion was subse- 
qnently tatdnccd. Regresrii^ tumors showed histological fea- 
tures of apoptosis. Thus, regression of these tumors was the 
result vl apoptosb oocnrring ia vivo. Apoptosis may be a 
normal part of the termhial differentiation program of colonic 
cpithdial cells. Our results suggest that wild-type p53 could 
play a critical role in this process. 


pS3 was originally discovered as a consequence of its asso- 
ciation with simian virus 40 (S V40) large tumor antigen (1,2). 
Subsequently, it was shown that mutant pS3 could immor- 
talize primary fibroblasU (3. 4) and, in collabofation with 
mutant ras, could transform them (5, 6). p53 mutations have 
been found in virtually all types of human tumors examined 
(7, 8) including tumors of the lung (9, 10), breast (11), liver 
(12, 13), and colon (14, 15). Homozygosity is observed in 
most cases of pS3 gene mutation, indicating that the wild-type 
(wt) allele is lost through deletion (16). The conchision that wt 
p53 behaves as a recessive oncogene in tumors is supported 
by cotransfection experiments in which wt p53 suppresses 
transformation by mutant pS3 with a mutant ras (17, 18). 

wt p33 stops growth In mc&t transfonned cells into which 
it has been introduced u9)^. Furthermore, overexpression 
of wt pS3 causes cell cycle arrest near the-Q^^'tolIndSry" 
(21-24). In vitro replication of SV40 DNA is inhibited by wt 
pS3 (25, 26). Recently, Barsonetti et at. (27) have demon- 
strated that wt p53, but not mutant p53, binds to a region of 
SV40 DNA attjacent to the origin of replication (27). In 
addition, it has been reported that a wt p53-gal4 DNA binding 
domain fusion protein can promote transcription, suggesting 
that p53 can act as a positive transcription factor (28, 29). 
Thus, it is possible that p53 regulates a set of genes playing 
a role in the passage from 0| to S (16). 

We wished to investigate further the function of wt p53 by 
studying the effects of wt p53 reexpression in human colon 
tumor cell line EB (30). Induced expression of the transfected 
wt p53 gene resulted in apoptosis in vitro, prevented colony 
formation in soft agar, and inhibited tumor growth in nude 
mice. Established tumors in nude mice underwent regression 
upon induction of the wt p53 gene. 


The publication costs of tltit article were defkayed in part by page chai^ 
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MATERIALS AND METHODS 
Cell CuHarc. EB cells (30) and the stably transfected clones 
derived firom them were cultured in Dulbecco's modified 
Eagle's medium containing 10% fetal calf serum (CIBCO). 

MetaHothlowin (MT) p53 Construction, Transfectloa, and 
Sfiedion of Ooncs. MT p53 was constructed by blunt-end 
ligating a 212-nucleotide Sac I/Bgl It fragment of the rat 
MT-1 promoter (A156) (31) to the filled-in EcoRI site at the 5' 
end of a human wt p53 cDNA clone (32). EB cells were 
cotransfected with MT p53 and SV-Neo (33) plasmid DNAs 
by the calcium phosphate procedure. Stable clones were 
selected for their resistance to C418 (800 /xg/ml) and clones 
were isolated with cloning cylinders. They were then 
screened for the presence of the wt p53 gene at second 
passage by PCR (34) using the oligonucleotides IN4AL 
(5'-A0A CJGA ATT CTT CCT CTT CCT GCA GTA C-3') 
and IN7AL (5'-TTG AGO ATC CCA ACT OOC TCC TOA 
CCT G-3 '). The amplified DNA fragments are 1100 base pairs 
(bp) for the endogenous p53 gene and 385 bp for the trans- 
fected cDNA construct. Conditions of the 30-cycIe PCR were 
WC for 1 min, 63*C for 1.5 min, and 72°C for 2 min in 
standard PCR buffer conditions (34). 

DNA, RNA, and PntOn ExtrMitlon and Analysis. RNA was 
extracted by the guanidine isothiocyanate/acid phenol 
method (35). RNA (10 ^) was treated with glyoxal and 
separated on a 0.8% a^se gel (36). RNA in the gel was 
transferred to a GeneScreen membrane (NEN) and then 
hybridized to a p53 cDNA probe (32) labeled by the random 
primer method (37) in 50% fonnainide/5x SSC (Ix SSC is 
150 mM NaCl/li mM sodium citrate)/50 mM sodium phos- 
phate, pH 6.5/0.5% SDS/denatured salmon sperm DNA (100 
/ig/ml). DNA and protein were prepared by standard meth- 
ods (38). DNA was separated on a Tris acetate-buffered gel 
containing 1.5% agarose. The DNA was then transferred to 
a GeneScreen membrane (NEN) and hybridized with total 
human DNA labeled by the random primer method as de- 
scribed above for Northern blot analysis. Western blot anal- 
ysis was by standard procedures with the pAB240 antibody 
(39). 

MT ProoMter Induction. Induction of the wt p53 gene was 
achieved with either 6 mM cadmium chloride (for screening 
of stable clones; see Pig. la) or 100 fiM zinc chloride (for all 
other experimenU). Tissue culture medium was not changed 
during multiple inductions with zinc chloride. When cells 
were iiyected into nude mice, the area of it\jection was 
mariced. For biduction of wt p53 hi nude mice tumors, zinc 
chloride [100 in phosphate-buffered saline (PBS); 0.4 ml] 
was injected subcutaneously In the region outside of the 
marked area, thus avoiding the tumor. 

RESULTS 

Characterization of MT wt p53 Clones. A wt p53 gene under 
the control of an inducible promoter was used to avoid 
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growth inhibition during establishmeot of stably transfected 
ceU lines (19, 21-24). A wt p53 cDNA (32) was ligated to a 
truncated rat MT promoter MT-1 (A1S6), which has been 
shown to have very low basal activity and yet be strongly 
inducible with metal ions (31). This construct was co trans- 
fected with SV-Neo (33), as a selectable mailcer into the EB 
cell line (30). C418-re8i8tant clones were isolated and tested 
at second passage for the presence of the wt p53 DNA by 
PCR. Expression levels of the positive clones were analyzed 
by Northern blotting. Shown in Fig. la are the results 
obtained with clones EB-1, -2, and -5, both uninduced and 
induced with 6 tM cadmium chloride. All three clones have 
high levels of a 2-ldlobase (kb) pS3 mRNA, which is derived 
fix>m the transfected p53 gene (Fig. la). This mRNA was 
undetectable in the uninduced cells, even on long exposures 
(data not shown). Note also the absence of the 2.4-kb p53 
mRNA expected from the endogenous pS3 gene (Fig. la). 
Southern blot analysis of the EB p53 gene did not reveal any 
gross alterations in the stnicture of the gene (dm not shown). 

Since the MT promoter has been characterized primaiily in 
single induction experiments, we wished to determine 
whether sustained hi^ levels of wt pS3 mRNA could be 
obtained by daily stimulation of the MT-1 promoter with zinc 
chkHMe. This is of obvious importance if a minimal amount 

the p53 protein must be maintained throughout the cell 
cycle to achieve cell cycle arrest (21-24). We examined the 
amount of p53 mRNA present 4, 8, 24, and 4« h after a angle 
induction with zinc cUoride (Fig. \b). Maximal expression 
was elicited 4 h after induction (Fig. lb) (40). p53 mRNA was 
still detectable 24 h after a single induction. Subsequent 
inductions of the introduced wt p53 gene yielded higher levels 
of wt p53 mRNA than the initial induction (Fig. lb, compare 
lanes Ix +4h with 2x +4h). The significant increase in 
mRNA levels upon repeated induction may be the conse- 
quence of first induction recruitment of transcription fectors 
that remain in place, resulting in the increased efBdency of 
subsequent inductions. These results demonstrate that sus- 
tained hi^ levels of p53 mRNA could be achieved in wir 
transfected clones by daily inductions with 100 /iM zinc 
chloride. 

Western blot analysis of uninduced and induced EB and 
EB-1 cells is shown in Fig. 2. p53 inotein is readily detectable 
4 h after a single induction with zinc chloride. Also of interest 
is that 24 h after a second induction with zinc chloride there 
is still a significant level oi pS3 protein. Thus, the mRNA 
detected by the Nortbem blot experimento described above 
is ftmctional. Note the absence of p53 protein in uninduced 

a b 
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Pio.2. Time coune of DNA degredatkm in EB-1 after induction 
irf wt p53 with zinc chloride. Attuhtfd (lanes Att) and detached Oanes 
Det) refier to cdU that did or did not adhere to the culture dish at the 
time of ceO harvest . 1 X , 2 X , and 3 X refer to the number of inductions 
by zinc cUoride. Celb w«re harvested 4 h after each induction with 
zinc cUoride. Approximately equivalent amoimte of DNA were 
loaded in each lane. Arrows fauUcate positioiu of nucleosomal 
multimers. 

EB-1 cells and in EB cells with and without zinc chloride 
induction. 

I ndu cU eo of wt ^ Eiprtariou Is Accompanied by Apo- 
ptods. While preparing RNA for the experiments deacrfted 
above, we noticed that die cells of the three wt p53 EB clones 
detached progressively from the plates over a 4-day poiod 
and eventually died. .^>proximately 10% of the cells de- 
tached on day 1. 309S detached on day 2. 50% detached on 
day 3, and 90% detached on day 4. The parental cell line 
continued to grow normally in the presence of zinc chloride 
with a doubling time of -<>45 h (P.S. and R.B., unpublished 
results). No gross differences in the percentage of cells 
detaching from the plates were observed for the three wt p53 
clones. Cell death can occur by necrosis or apoptosis (41). 
There are several accepted criteria that can be used to 
distinguish between these two possibilities— luunely. histo- 
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Fto. 1. Analysis of pSS mRNA and proteu expression of MT wt p53 clones. («) Ten microgiams of total RNA was analyzed for each clone 
by Noitbein blotUnj. RNA was prepared from cells either uninduced (lanes -) or induced (lanes +) with 6 /iM CdQj for wt p53 expression. 
(») EB-5 ceUs were Induced with 100 mM zinc chloride from one to four times. RNA was prepared at the time indicated after induction. 1 x 
-)-4h indicates that the cells were induced once and that the RNA was prqtared 4 h after induction. Subsequent inductkms Ox. 3x. and 4x) 
were at 24-h intervals, (c) Westeni Ubt analysis (rfp53 in EB and EB-1. Protein extracto were prepared at the times indicated on the figure and 
were analyzed on 12% polyacrylamide gels. paB240 was used as the first antibody. Detection was with an alkaline phospbatase-coqjusated 
second antibody. 
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Fio. 3. Histology of induced and uninduced EB cell clones, (a) 
Histology of uninduced EB-1 cells grown in vitro, (fr and c) Histology 
and electron micrographs of EB-I cells after two inductions with 100 
fiM zinc chloride. (Insei) Leakage of chromatin fioiu the nucleus is 
shown, (fl. X2400; b, x2850; c. xJSQO; Instt, x8100.) 


logical morphology and pattern of DNA degradation. We thus 
analyzed the state of the DNA in the parental cell line EB and 
in the transfected cell line BB-I growing in the presence of 


Table I. Suppression of tumor formation io nude roicc 

Cell line Uninduced Induced* 

BBt 4/4 2/2 

EB-1 4/4 0/2 

EB-2 4/4 0/2 

EB^5 4/4 0/2 

Each nude mouse was iiuected with 5 x 10^ cells. 
*Ziac chloride (100 iM) was administered daily for -3 weeks 
starting 3 days after subcutaneous ii\jectlon of cells into mice. 
tParental ceB line. 

zinc chloride. Parental EB cells contained only high molec- 
ular weight DNA (data not shown). On the other hand, DNA 
from cells expressing wt p53 underwent progressive degra- 
dation yielding a ladder of DNA firagmenU corresponding to 
muitimers of nudeosomal-sized DNA (Fig. 2). This pattern of 
degradation is typical of apoptosis (41). It was striking that 
after only 4 h of metal ion stimulation, DNA degisdation was 
already evident in the detached cell fiiaction. Thus, a small 
proportion of the cells underwent apoptosis very rapidly. 
After three consecutive inductions, the DNA was heavily 
degraded in both the attached and detached fractions. Mor- 
phological examination of EB-1 cells expressing wt p53 at the 
light and electron microscopic levels demonstrated typical 
features of cells undergoing apoptosis: condensation of chro- 
matin in crescentic caps adjacent to the nuclear membrane, 
incomplete nuclear membranes, and translucent cytoplasmic 
vacuoles (Fig. 3 a-c). 

InblUtioo of Tumor Formation in Nude Mice by wt p53. 
Colony formation in soft agar and tumor formation in nude 
mice arc criteria for tumorigenicity. All vrt p53 clones, as well 
as the parental cell line, yielded colonies in soft agar at 
frequencies of 1-1.5%. Induction of the wt p53 gene com- 
pletely abolished colony formation in all three cell lines — 
EB-1, -2, and -5 (data not shown). Colony formation in the 
parental cell line EB was unaffected by the presence of zinc 
chloiide in soft agar. 

Tumor growth in mice iqjected with the parental cell line 
proceeded normally, even in mice iiu'ected daily with zinc 
chloride. Tumors were obtained in nude mice ii\jected with 
the three wt pS3 clones only in the absence of zinc induction 
(4/4 in aU cases; Table 1). When zinc chloride was adminis- 
tered daily, starting 3 days after iruection of the cells, no 
tumors developed (0/2 mice for each clone). Thus, wt p53 
expression prevented tumor formation in nude mice. 

Rcgrcsskm of Estabttsiwd Tumors with wt p53 Expression, 
We further analyzed the effect of wt p53 induction on several 
established EB-1 tumors. Six weeks after ii^jecting 5 x 10^ 
ceUs, palpable tumors were present. We then induced wt p53 
expression for a period of 3 weeks. This resulted in tumor 
regression, which was accompanied by morphological evi- 
dence of apoptosis (compare Fig. Aa and Fig. 4 6 and c). The 
presence of scattered single necrotic cells is characteristic of 
^>optosis (41). The residual tumor mass comprised mainly 
neutrophils and scavenging macrophages (41). Induction of 
wt pS3 for 2 months in established tumors resulted in total 
eliminaUon of histologically detectable tumor cells at the site 
of cell iivection (data not shown). Daily zinc chloride iiyec- 
tions had no effect on established EB tumors (data not 
shown). Thus, expression of wt p53 in EB cells results in 
apoptosis both in vitro and in vivo. 


DISCUSSION 
The present experiments show that expression of wt p53 in 
the colon tiunor-derived cell line EB induces apoptosis in 
cells grown in vitro, prevents colony formation in soft agar, 
prevents timior growth in nude mice, and induces regression 
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Fio. 4. Histology of regressing and nonregrcssing tumors firom 
nude mice iqjected witli EB-1 ceUs. (a) Control ludnduced E8-1 
tumors, {b and c) BB-1 tumors in which wt p53 was induced with zinc 
chloride. Tumors were allowed to form for weelu. Inductioo of 
wt p53 by subcutaneous iitjections of 100 iM zinc chloride was 
initiated and continued daOy for 3 weeks. Animals were sacrificed 
and dissected, and tumors were prepared for histological examina- 
tion. Note the presence in cof several apoptotic cells, (a and 6, x750; 
c, X2850.) 

of established nude mice tumors in vivo by induction of 
apoptosis. 

The generally accepted criteria for apoptosis — namely, 
nudeosomal DNA ladders and morphological features — are 
both observed when wt pS3 expression is induced in EB cells. 
Zinc chloride, the metal inducer used in the present experi- 
ments, does not induce apoptosis in the parental cell line. In 
foct, the endonuclease responsible for the nudeosomal lad- 
der observed in apoptosis is known to be inhibited by zinc 
chloride, although at considerably higher concentrations 
(42). Apoptosis of cells in culture was quite rapid, being 
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essentially complete after 4 days of wt pS3 induction. We 
fteither demonstrate that established tumors in nude mice 
regress upon induction of wt pS3 expression. Apoptosis Is 
observed in this situation as well. There is a large dtfference 
in the rate at which apoptosis proceeds in the tumor relative 
to cells in culture. EstaUisbed tumors take «2 months to 
com{4ete apoptosis. This may be due to a difference in 
growth rate of the cells in the tumor relative to cells in culture 
or to accessibility to the inducer zinc cUoride. We feel that 
the first is more likely, since we have observed that cells in 
culture undergo apoptosis more rapidly when they are grown 
at low density (R.B. and P.S., unpublished observations). 

Recently, Oren and co-workers (43) have reported that 
expression of a murine p53 mutant that is temperature 
sensitive for transformation induces ^x>ptosis in the tnyeloid 
leukemic cell line Ml at temperatures at which p53 is pre- 
dominantly in the wt conformation. Both EB and Ml cells are 
deficient in endogenous pS3 expression. Whether diis is of 
significance to induction of apoptosis by wt p53 is not known, 
wt pS3 has been expressed in a variety of ceU types, including 
colon tumor cell lines (19); yet only this report and that of 
Oren and co-workers describe induction of apoptosis. The 
rareness <^ the observation suggests that the cell type and 
state <^ differentiation before transfonnation may be impor- 
tant factors determining whether or not wt p53 expression 
results in apoptosis. 

EB cells give rise to well-differentiated tumors (Fig. 4a) 
(44). They form pseudo-crypts and tight cell junctions, struc- 
tures reminiscent of the normal colon. CeUs of the colonic 
mucosa derive from stem cells located at the base crypts. 
After division of the stem cells, daughter cells stop divMing 
and enter a phase of terminal differentiation as they migrate 
to the surface of the mucosa, such that there is a gradient of 
differentiation from the base of the crypt to the mucosa. 
Several days after reaching the sur^ice of the mucosa, the 
terminally differentiated cells are sloughed off (45). It is 
possible that this detachment occurs as a consequence of 
apoptosis, which has been demonstrated to occur in the small 
intestine in response to chemical agents (46). HL-60 ceUs, a 
promyelocytic leukemic cell line, undergo apoptosis when 
induced to differentiate (47). 

Apoptosis has been studied in a large variety of biological 
systems. Information concerning the relationship between 
cell cyde stage and ap<^tosis u, however, quite meager. 
Oiemotherapeutic drugs, such as dsplatin and etopostde, 
induce apoptosis after arrest in Oj (48). Mouse embryo cells, 
upon ep^ennal growth foctor deprivation (49), and immature 
T cells treated wiUi anti-T-cell receptor antibody (50) undergo 
apoptosis. The latter cases are associated with Oi arrest. 
Although the examples are linalted, it is provocative to 
consider that wt p53-induced apoptosis in our colon cell lines 
also occurs after an arrest in Gi. 
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Differential effects of butyrate derivatives on human breast 
cancer cells grown as organotypic nodules in vitro and as 
xenografts in vivo. 

Pianchon P, Magnien V, Beaupain R, Mainguene C, Ronco G, Villa P, 
Brouty-Boye D 

Institut d'OncoIogie Cellulaire et Moleculaire Humaine, Hcpital Avicenne, 
Bobigny, France. 

The antiproliferative and cytodifFerentiating effects of anew stable butyric 
derivative, monobut-3, were compared using human MDA-MB-23 1 breast 
cancer cells grown in three dimension as eiUier in vitro tumor nodules or in 
vivo xenograft tumors. In in vitro tumor nodules, monobut-3 exhibited 
marked growth inhibitory ettects consistent wththc results obtaingd in 
monolayer cell cultures, jjome tunctional cell differentiation was also 
detected in treated nodules. I n^in vivo xenografts, monobut-3 significantly 
decreased MDA-MB--23 1 tutnor take put aia riot affect tne rate of tumor 
growth. No difference was noted in the histological characteristics of the 
xenografts between untreated and treated mice. Moreover, once monobut-3 
treatment was discontinued, tumor growth rapidly resumed in tumor-free 
animals. The decreased efficacy of monobut-3 in in vivo MDA-MB-7-3 1 
xenografts as compared to in vitro tiunor nodules indicates that factors 
related to host envirojunent may still limit the clinical effectiveness of this 
compound. 
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I Display Abotract .. ■ | sava | Text • • j Order J Add to Clipboard 


Ravisad: April 3. 2000. 


DIsdalmer I Write to the Help Desk 

; RcBT mM I NiH — 


4/14/00 11:41 AV 


rnun-ipiinuutn intnflftui it 


1-089 P. 03/07 F-154 


National tibraggSj^ 
of Medicine 


■Search ; PwbMag l^^-jf^ ^}; 



_| 1 : Br J Cancer 1999 Jan;79(l):82-8 


Belated Articles, Books 


PhartnQcodynainics of cisplatin in human head and neck 
cancer: correlation between platinum content, DNA adduct 
levels and drug sensitivity in vitro and in vivo. 

Welters MJ, Fichtinger-Schepman AM, Baan RA, Jacobs-Beremans 
AJ, Kegel A. van der Vijgh WJ, Braakhub BJ 

Toxicology Division, TNO Nutrition and Food Research Institute, Zeist, 
The Netherlands. 

Total platinum contents and cispIatin-DNA adduct levels were determined 
in vivo in xenografted tumour tissues in mice and in vitro in cultured tumour 
cells of head and neck squamous cell carcinoma (HNSCC). and correlated 
with sensitivity to cisplatin. In vivo, a panel of five HNSCC tumour lines 
growing as xenografts in nude mice was used. In vitro, the panel consisted 
of five HNSCC cell lines, of which four had an in vivo equivalent. 
Sensitivity to cisplatin varied three- to sevenfold among cell lines and 
tumours respectively. However, t he rankin p of the sensitivities of the tumo ur 
lines (in viv o), also after reinjection of the cultured tumour cella. did not 
coincide^th that of the corresponding cell lines, which showed that cel l 
cmture systems are not representative for the in vivo situation. 6 oth in vitro 
ana m vivo, however, significant correlations were found between total 
platinum levels, measured by atomic absorption apectrophotometry (AAS), 
and tiunour response to cisplatin therapy at all time points tested. The levels 
of the two major cisplatin-DNA adduct types were determined by a recently 
developed and improved 32P post-labelling assay at various time points 
after cisplatin treatmem. Evidence is presented that the plaiinum-AQ adduct, 
in which platinum is bound lo guanine and an adjacent adenine, may be the 
cytotoxic lesion because a significant correlation was found between the 
platinum- AG levels and the sensitivities in our panel of HNSCC, in vitro as 
well as in vivo. This correlation with the platinimi-AG levels was 
established at 1 h (in vitro) and 3 h (in vivo) after the start of the cisplatin 
treatment, which emphasizes the importance of early sampUng- 
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Immunoliposome-inediated targeting of doxorubicin to 
human ovarian carcinoma in vitro and in vivo. 

Vingerhoeds MH* St«erenberg PA, Hendriks JJ, Dekker LC, Van 
Hoesel QG, Crommelin DJ, Storm G 

Department of Phannaceutics, Utrecht Institute for Pharmaceutical Sciences 
(UIPS), Utrecht University, The Netherlands. 

This paper deals with the utility of immunoliposomes for the delivery of 
doxonibicin (DXR) to human ovarian carcinoma cells in vitro and in vivo. 
We aimed to investigate whether immunoliposome-mediated targeting of 
DXR to ovarian cancer cells translates in an enhanced antt-ttimour effect 
compared with that of non-targeted DXR liposomes (lacking the specific 
antibody). Target cell binding and anti-tumour activity of DXR 
immunoliposomes were studied in vitro and in vivo (xenograft model of 
ovarian carcinoma). In vitro we observed that target cell binding and cel l 
growth inhibition of DXR imniunoUposomes is superior to that of 
non-targeted DXR-[iposome& . H owever, m viy^ aespite the efficient target 
cell bindmg and gooa anti-tumour response of UXR-immunolipo somes, no 
difference to anti-tumour effect, comp ar ed with non-targeted 
PXR-liposomcs, could be determined- " i'he results indicate that premature 
DXR leakage from immunoliposomes occurring before the actual target cell 
binding and subsequent DXR association with the tumour cells, explains 
why no significant differences in anti-tumour activity between 
DXR-iramuno liposomes and non-targeted DXR-Iiposomes were observed in 
vivo. 
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proliferative activity of xenograft lung and head and neck 
cancer. 

Mourad WA, Bruner JM, VaUieres McName C, Alabdulwahed S, 
Related Resources Scott K, Old ring DJ 

Department of Pathology, University of Alberta, Edmonton, Canada. 

In vitro studies have suppested that vitamin A iowers invasive potential of 
squamous cell carcinoma . Epidemiological data have also indicated that 
high dose vitamin A may improve survival in patients with previously 
resected lung carcinoma. To our knowledge, no studies have attempted to 
test the in vivo effect of vitamin A on the morphology and growth rate of 
lung and head and neck cancer. Freshly resected tumor cell suspensions 
were obtained by ex vivo fine needle aspiration and injected subcutaneously 
in duplicate in athymic male nude mice. Two to six weeks post-engraftment 
tests and controls were separated for each xenograft. Mice with test 
xenografts were given water soluble vitamin A (Aquasol ATM, Astra 
pharmaceutical, Westborough, MA, U.S. A) at a dose of 10,000 U/Kg/day 
intraperitoneally for 6 to 1 0 weeks (median 8 weeks). One to two hours prior 
to sacrifice bromodexouridine (Brdli) was injected intraperitoneally to 
assess the S-phase fraction in both test and control xenografts. Blood 
vitamin A levels in test and control animals were measured after sacrifice 
using high performance liquid chromatography (HPLC). Sections of test and 
control xenografts were routinely stained to assess morphologic 
differentiation and mitotic counts. Unstained sections of xenografts were 
inununostained by the antibody to BrdU to test for BrdU labeling index 
(BLI) reflecting S-phase fraction (SPF) and also by the MIB-1 antibody to 
assess proliferative activity. Eighteen tumors were studied. These included 9 
squamous cell carcinomas of the lung, 5 squamous cell carcinomas of the 
head and neck, and 4 adenocarcinomas of the lung. Blood levels of vitamin 
A in test animals were 7 to 23 times those of the control animals (median 13 
times). Neovascularization of the xenografts was seen in all cases. The 
morphology and mitotic activity of the test and control xenografts showed 
no significant difference. SPF and proliferative activity measured by BrdU 
and MlB-1 immunolabelling respectively showed no significant difference 
between test and control xenografts. Our study suggests that there is no 
significant in vivo effect of high dose" vitamin A on the morphology and 
growth rate ot xenogratted non small cell carcinoma of the lung or 
squamous ceil carcinoma ot the head and neck. ' 
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Transforming growth factor-beta and response to anticancer 
therapies in human liver and gastric tumors in vitro and in 
vivo- 

Liu P, Menon K, Alvarez E, Lu K, Teicber BA 

Lilly Research Laboratories, Lilly Corporate Center, Indianapolis, IN 46285. 
USA. 

Liver cancer and gastric cancer are the most common solid tumors 
worldwide. Transforming growth factor-beta (TGF-beta) production and 
lack of response to TGF-beta growth inhibitory effects have been associated 
with tumor progression and therapeutic resistance. HepG2. Hep3B. and 
SK-HEP-1 human liver cancer lines produce 3, 5.7, and 2.5 ng TGF-betal; 
1 .4. 2. and 4 ng TGF-beta2 and 0. 1 5. 0.2 and 0.22 ng TGF-beta3 per 1 07 
cells (24 h). Expression of the TGF-beta type I receptor is 20x, Ix, and 0.6x 
the level in mink lung MvLul cells in the HepG2, Hep3B, and SK-HEP-1 
cells, respectively. HepG2 and Hep3B cells do not express the TGF-beta 
type II receptor while SK-HEP-1 cells express 7x the level found in mink 
lung MvLul cells. Hs 746T, KATO III, RP-1, and RF-48 human gastric 
cancer cell lines produce 12. 5, 0.35, 0.4, and 0.4 ng TGF-betal; 2.6, 0.95, 
0.5, and 0.52 ng TGF-beta2 and 0.42, 0. 17, 0. 12, and 0. 14 ng TGF-beta3 per 
107 cells (24 h). Expression of TGF-beta type I receptor is 0.7x, 0.7x. 0.8x, 
0.6x the level in mink lung MvLul cells in the Hs 746T, KATO III, RF-1 
and RF-48 cells, respectively. KaTO III cells are lacking in the TGF-beta 
type II receptor while Hs 746T, RF-1 and RF-48 cells express I Ox, 0.8x, and 
Ix the levels in mink lung MvLul cells. The IC50 for TOF-bctal is »10 
ng/ml in all of these lines except RF-48 where TGF-betal is mitogenic. The 
response of ihe cell lines lo radiation, doxorubicin, mitomycin C, cisplatin, 
S-fluorouracil, methotrexate, and gemcitabine showed that SK-HEP-1 was 
the most drug resistant liver cancer cell line and KATO III was the most 
drug resistant gastric cancer cell line. Overall, there was no correlation 
between TGF-beta secretion in cell culture and'gensWvity o^ the'cells to 
anticancer agents . Increased TGF-betal levels were detectable in plasma 
or nuae mice bearing Hep3B and Hs 746T xenografts. Those tumors which 
Secreted greater amou nts of TGF-beta w ere more therapeutically resistant in 
— 
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Tumour-growth suppression in nude mice by a murine 
monoclonal antibody: factors hampering successful therapy. 

Johansson C, Segren S, Lindholm L 

Phmmacia CanAg, Ootcborg, Sweden. 

The murine MAb C21 5 has been shown to mediate ADMMC in vjtro and to 
have a niroour-growth-suppressive effect on xenografted COLO 205 human 
colocarcinoma cells in nude mice. To overcome the limitations of MAb 
therapy, it is necessary to understand the underlying mechanisms of 
tumour-growth suppression. In the present work, we have used C21 5 to 
define the importance of different parameters involved in tumour therapy 
with murine IgG2a antibodies. The results show that there exists a period o f 
roug hly 2 days after inoculation m!o antmats dimng which the tumour cells 
^"schsitive to an mhibltory antibody-mediated effect. After th|s initia l 
period, the in-viyo sensitivity of tumottf cells to antibody-mediated 
intubition is much reduced . I'umour cells can remain "dormant" and, despite 
ongomfi anuDoay treatment, develop into tiunours with a reduced growth 
rate, which is not caused by outgrowth of antigen-deficient tumour cells. 
Finally, a pronounced dependence of antibody-mediated tumour suppression 
on antibody dose was observed. 

PMID: 1708368, UI: 91210009 


Revised: April 3. 2000. 


r7|?|:Save:|T^l. /^jri^j^r; I :v^-Add;tc>.q^Pt^da^ctl:^ 


Di3cla?mer I Write to the Help Desk 
WCBI I NLM I NTFr^ 


4/r4/00 1 1:43 AlV^ 


Transfer of Genes to Humans: 
Early Lessons and Obstacles 
to Success 

Ronald G. Crystal 

Enough Informatton has been gained from clinical trials to allow the conclusion that human 
gene transfer Is feasible, can evoke biologic responses that are relevant to human disease, 
and can provide important insights into human biology. Adverse events have been un- 
conwnon and have been related to the gene dellve#y strategies, not to the genetic material 
being transferred. Human gene transfer still faces significant hurdles before it becomes 
an established therapeutic strategy. However, its accomplishments to date are impres- 
sive, and the logic of the potential usefulness of this clinical paradigm continues to be 
compelling. 


Human gene transfer is a clinical strategy 
in which the genetic repertoire of somatic 
cells is modified for therapeutic purposes or 
to help gain understaitding of human biol- 
ogy (I, 2). Essentially, gene transfer in- 
volves the delivery, to target celb, of an 
expression cassette made up of one or more 
genes and the sequences controlling their 
expression. This can be carried out ex vivo 
in a procedure in which the cassette is 
transferred to cells in the laboratory and the 
modified cells are then administered to the 
recipient. Alternatively, human gene trans,- 
fer can be done in vivo, in a procedure in 
which the expression cassette is transferred 
directly to cells within an individual. In 
both strategies, the transfer process is usu- 
ally aided by a vector that helps deliver the 
cassette to the intracellulau^ site where it can 
fimction appropriately (I, 2). 

Once considered a fantasy that would 
not become reality for geiKiatioiu, human 
gene transfer moved from feasibility and 
safety studies in animab to cliiucal applica- 
tions more rapidly than expected by even 
its most ardent supporters (1-3). It is not 
tl»e purpose of thU review to detail all hu- 
man protocols that have been proposed, but 
to use examples from the available informa- 
tion regarding ongoing human trials (3) to 
define the current status of the field. 

How Is Human Gene Transfer 
Carried Out? 

The choice of an ex vivo or in vivo strategy 
and of the vector used to carry the expres- 
sion cassette b dictated by the clinical tar- 
get. The vector systems for which data are 
available from clinical triab (retrovimses, 
adenoviruses, and plasmid-liposome com- 

The author Is profassof of medicine and chief of the 
DMslon of Pulmonary and Critical Care Medicine, The 
New York HospitaJ-Comel (Medical Center, 520 East 
70th Street, ST505, New YorV, NY 10021, USA. 
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plexes) transfer expression cassenes through 
different mechanisms and thus have dbtinct 
advantages and disadvantages for different 
applications (1, 2). 

Vectors. Replication-deficient, recombi- 
nant retrovirus vectors can accomiruxlate 
up to 9 kb of exogenous information (Fig. 
1 ). Retroviruses transfer their genetic infor- 
mation into the genome of the target cell, 
and thus, theoretically, the target cell's gen- 
otype is permanently modified (I, 2, 5). 
This is an advantage when treating hered- 
itary and chronic disorders, but it has risks, 
including the potential for toxicity associ- 
ated with chronic overexpression or inser- 
tioiial mutagenesis (for example, if the pro- 


viral DNA randomly disrupts a tumor sup- 
pressor gene or activates an oncogene). The 
use of retrovirus vectors is limited by the 
sensidvity of the vector to inactivatioiv by 
the fact that target celU must proliferate In 
order to integrate the proviral DNA into 
the genome, and by production problems 
associated with recombination, rearrange- 
ments, and low titers (1, 2, 5). Retrovirus 
vecton have been used almost entirely in ex 
vivo gene transler triab. 

Adenovirus vectors in current use ac- 
commodate expression cassettes up to 7.5 
kb (J, 2, 6). These vectors enter the cell by 
means of two receptors: a specific receptor 
for the adenovirus fiber and a^pj (or a,^J) 
surfece integrins that serve as a receptor for 
die adenovirus penton (7) (Fig. 2). Adeno- 
virus vectors are well suited for in vivo 
transfer applications because they can be 
produced in high titers (up to 10" viral 
particles/ml) and they efficiently transfer 
genes to nonreplicating and replicating 
celb (8). The transferred genetic itiforma- 
tion remains epichromosomal, thus avoid- 
ii\g the risks of permanently altering the 
cellular genotype or of insertional mutagen- 
esis. However, adenovirus vectors in cur- 
rent use evoke nonspecific inflaimoation 
and antivector cellular immunity (9). These 
responses, together with the epichromo- 
somal position of the expression cassette, 
limit the duration of expression to periods 
ranging from weeks to months. Thus ade- 
novirus vectors will have to be readminis- 
tered periodically to maintain their persb- 
tent expression. Although it is unlikely that 


Rfl. 1. Retrovirus vector 
desiyt. production, and 
gene transfer. Retrovi- 
njses are RNA viruses 
that replicate through a 
DfvIA Wermediate. The 
retrovirus vectors ad- 
ministered to humans all 
use the Maloney murine 
leukemia virus as the 
base. The gag, pd, and 
erTv sequences are de- 
leted from the virus, ren- 
dering it repllcallon-Oefi- 
cient. The expression 
cassette Is inserted, and 
the infectious replica- 
tion-deficiefTt retrovirus 
is produced in a packag- 
ing cell Sne that contains 
Ihogag.pol, and er>v se- 
quences that provide the 
proteins necessary to 
package the virus. The 
vector with its expres- 
sion cassette enters the 
target cell via a specific 

receptor. In the cytoplasm, thg reverse transcriptase (RT) carried by the vector converts the vector RNA 
Into the proviral DNA that is randomly Integrated Into the target cell genome, where the expression 
cassette makes its product. 
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repeat administration will be risky, it is not 
known whether antibodies directed against 
vector capsid proteins will limit the effica- 
cy of repetitive administration of these vec- 
tors (9). Adenovirus vectors have been 
used only in in vivo human trials. 

In theory, plasmid-liposome complexes 
have many advantages as gene transfer vec- 
tors, in that they can be used to transfer 
expression cassettes of essentially unlimited 
size, caimot replicate or recombine to form an 
infectious agent, and may evoke fewer in- 
flammatory or immune responses because 
they lack proteins (10) (Fig. 3). The disad- 
vantage of these vectors is that they are in- 
efficient, requiring that dtousands of plasmids 
be presented to the target cell in order to 
achieve successful gene trarwfcr. The avail- 
able data are not sufficient to determine if 
repetitive administration of liposomes or 


Hq. 2. Adenoviais vector design, 
production, and gene transfer. Ad- 
erxjvtuses are ONA viaises with a 
38-kt> genome. The wiW-type ade- 
novirus gerxxne is dKrMed into eaily 
(El to E4) and late (LI to L5) genes. 
Al adenovirus vectors administered 
to humans use adenovirus sero- 
types 2 or 5 as the base. The abBty 
of the adenoviajs genome to direct 
producbon o» adenoviruses is de- 
pendent on sequences in El. To 
produce an adenovhjs vector, the 
El sequences (arxj E3 sequerx^s if 
the space is needed) are deleted. 
The expression cassette is inserted, 
and the vector ONA is transfected 
Into a complementing cell Bne with 
El soquoncos in its genome. The 
adenovirus vector with its expression 


DNA poses safety risb. Plasmid-liposome 
complexes have been used only in in vivo 
human trials. 

Expression cassettes and dinical targets. Hu- 
man gene transfer studies fell into two cate- 
gories: marking and therapeutic (Table 1 ). 
The marking studies use expression cassettes 
with bacterial antibiotic-resistant genes, 
which allow the genetically modified celk to 
be identified (Table 1). Because the marking 
genes have no function (other than to per- 
mit selection the modified cells in vitro), 
the trials using marker genes have been de- 
signed to demonstrate the feasibility of hu- 
man gene transfer, to uncover biologic prin- 
ciples relevant to human disease, arvd to 
evaluate safety. These trials have mostly used 
retrovirus vectors and have focused on ma- 
lignant disorders or on human immunodefi- 
ciency virus (HIV) infection. 



cassette is E 1 - arxJ ttius incapat* ot replicating. The vector binds to the target cell through an interact 
aderwwus fber and penton, each to a specific receptor; rixAies nto a cytoplasnnic erxk^^ 
and delvers its inear, double-stranded DNA gerxxne with the expression cassette into the nucleus, where it 
functions in an epichromosomal fastion to cGrect ttie expression of its product. 


Hfl. 3. Plasmid-liposome complex 
design arvl gene transfer. The lipo- 
somes used In hunmn gene transfer 
trials have various compositions, 
but typicaBy indude synthetic cat- 
Ionic SpMs. The positively charged 
liposome is complexed to the neg- 
atively charged plasmid with its ex- 
pression cassette. The complexes 
enter the Xarget eel by fusmg with 
tfie plasma membrane. The vector 
does not have an inherent maCTO- 
molecular structure that conveys in- 
fonrafon to enatile efficient trans- 
location of the plasmid to the nucle- 
us. Consequently, rrwsl of the new- 
ly Introduced genetic rr^tetlal is 
vtasted as it is shunted to cytoplas- 
mic organelles. Wtien used in vivo, 
it is IBoBty that most, if not all, of ttie 
plasmids ttiat reach the nucleus 
function in an epichromosomal 
fashion 



The therapeutic uials seek to transfer 
expression cassettes carrying genes that will 
evoke biologic respotues that are relevant 
to the treatment of human disease, and to 
demonstrate that this can be accomplished 
safely. The therapeutic studies have used 
retrovirus vectors, adenovirus vectors, or 
plasmid-liposome complexes. All of the 
therapeutic triab have been directed toward 
monogenic hereditary disorders or cancer. 

What Has Really Been 
Accomplished? 

Feasibility of gene transfer. Probably the most 
remarkable conclusion drawn from the hu- 
man triab is that human gene transfer Is 
indeed feasible. Although gene transfer has 
not been demonstrated in all recipients, 
most studies have shown that genes can be 
transferred to humans whether the strategy 
is ex vivo or in vivo, and that all vector 
types function as intended. Taken together, 
the evidence is overwhelming, with success- 
ful human gene transfer having been dem- 
onstrated in 28 ex vivo and 10 in vivo 
studies (Table 1). 

In the ex vivo studies with rettoviius 
vectors, successful gene transfer to humans 
has been shown by the transfer of marker 
genes to various classes of T cells ( I l-i 6), 
to stem celb in blood and marrow (26-27). 
to rumor-infiltrating lymphocytes (TILs) 
(i i , 28, 29), to neoplastic cells of hemato- 
poietic lineage (16. 17, 20, 21, 25, 26). and 
to neoplastic cells derived from solid tumors 
(Table 1). Although there is variation 
among ex vivo clinical trials in the propor- 
tion of genetically marked cells recovered 
from the recipients, retroviral vector DNA 
or marker gene-derived mRNA or both 
have been observed in cells collected after 
periods ranging from several weeks to 36 
months after administrarion. 

Retrovirus vectors also have been used to 
transfer therapeutic genes ex vivo, with suc- 
cess demonstrated by the fact that the modi- 
fied cells exhibit their altered phenotype in 
vivo for up to 36 months (Table I ). Typically, 
the expression cassette containit^; the thera- 
peutic gene also contains an antibiotic-resis- 
tance gene, permitting the ex vivo selection 
of genetically tiKxlified cells recovered from 
the recipient. Successful gene transfer has 
been demonstrated in cells recovered from 
children with adenosine deaminase (ADA) 
deficietKy after transfer of the normal ADA 
complementaty DNA (cDNA) to autologous 
T cells, cord blood, and placental cells (30- 
32); from individuals with solid tuirusrs after 
transfer of cytokine cDNAs in autologous 
vaccine strategies to fibroblasts, TILs, or tu- 
mor celk (33-37h from individuals with fe- 
milial hypercholesterolemia after transfer of 
the low-density lipoprotein (LDL) receptor 
cDNA to autologous hepatocytes (38, 39); 
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feom HIV* siblings after transfer of a chimeric 
T cell receptor cDNA to blood T cells of a 
twin (40); and ftom individuals with tumots 
who received autologous mairow tran^lants 
after transfer o^ the multidrug resistance I 
. cDNA to autologous blood CD34* stem cells 
(4i ). A retrovinjs vector has also been used in 
vivo to successfully transfer a p53 antisense 
cDNA to lung carcinoma cells (42). Finally, 
in a combined ex vivo-in vivo strategy for 
treatment of brain neoplasms, gene transfer to 
tumor celb has been observed after xenoge- 


neic cells (murine fibroblasts w^iose genome 
had been modified wid> amphotropic packag- 
ing sequences) infected with a retrovinis vec- 
tor containing an expression cassette with the 
herpes simplex thymidine kinase (HSTK) 
gene were introduced into the tumor (43). 

In in vivo studies with adenovirus vec- 
tors, several studies have shown that direct 
administration of a vector containitig the 
normal human cystic fibrosis transmem- 
brane conductance regulator (CFTR) 
cDNA to the nasal or bronchial epitheli- 


um of individuals with cystic fibrosis 
(CF) results in traiwfer of die CFTR 
cDNA-cbntaining expression cassette to 
the epithelium, where CFTR mRNA or 
protein is expressed for at least 9 days 
(44-50) (Table 1). Direct administration 
of a plasmid-liposome complex containing 
an expression cassette with the CFTR 
cDNA to the nasal epithelium of individ- 
u als w ith CF resulted in expression of 
CFTR mRNA in the epithelium (51). Fi- 
nally, plasmid-liposome complexes have 


T«ble 1, Summary of stucSea showing that transfer of genes to humans is 
fee^bto. Data shown are based on published articles »xl abstracts and on 
FWC^Twndated biannual repofls of princiDQl jivestigators as of the RAC 
meetfcig of 8 to 9 June 1 995. Abbreviations used for vector study type are BV. 
retrovirus; Ad. adenovinjs; PL. plasmid-flposome complex; M, marter-type 
study: andT. therapeutic-type study. Abbreviations used for gene products 
are Neo". neomycin phosphotransferase; Hygro. hygromycin phosphotrans- 
ferase; HSTIK herpes siniplex thymicftie kinase; ADA adenosine deerninase; 
inLR. low-<tensity Dpoprotein receptor; TNF. tumor necrosis factor a; CD4 
Mto-R. chimeric T cell receptor MDR-1, mutfidajg resistance 1; IL-4, inter- 
leuWn 4; GM-CSF. granulocyte macrophage colony-stiniiolating factor; CFTO, 
cystic ft)rosfe transmembrane conductance regulator; and B7 ^J, histo- 


compatWIity locus antigen class I-B7 + pj microglobulin. Except for Neo", 
Hygro, and HSTK. all genes are cDNAa. Abbreviations used for taipet cells 
are TIU twnor-infiltrating lymphocytes; EBV, Epstein-Barrvinjs; HIV, human 
immunodeficiency vinjs 1 ; and CTU cytotoxic T lymphocytes. Al target cells 
are autologous unless othenvise specified. Abbreviations used to charac- 
terize study populations are AML. acute myelogenous leukemia; CML, 
chnxiic myetogenous leukemia; ALL. acute lymphocytic teukemta; ca, car- 
cinoma; and CF=. cystic fibrosis. Under in vivo evidence of gene transfer, a 
plus sign indicates a report of transfer or expression (or both) of an exoge- 
nous gene in cells obtained from one or nrxjre individuals in the study time 
listed is the longest time after administration that gene transfer or expres- 
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Neo" 

RV-M 

Neo" 

RV-M 
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Hygro + HSTK 

RV-T 

ADA 

. RV-T 

ADA 

RV-T 

OXR 

RV-T 

TNF 

RV-T 

IL-2 

RV-T 

IL-2 

RV-T 

CD4 zeta-R 

RV-T 

MC«-1 

RV-T 

IL-4 

RV-T 

GM-CSF 

RV-T 

Anti-sense p53 

RV-r 

HSTK 

Ad-T 

CFTR 

Ad-T 

CFTR 

Ad-T 

CFTR 

Ad-T 

CFTFt 

Ad-T 

CFTR 

PL-T 

CFTR 

PL-T 


PL-T 


PL-T 


PL-T 
•TMsstudi 

B7 + Pj 


TIL 
TIL 


Marrow 
Marrow 
Marrow 
Marrow 

C04*, C08*. blood. TIL 
0034*^ blood, marrow 
C034* blood, marrow 
Marrow 

Normal twin t>kxxJ T ceDst 

Blood, marrow 

CD34* blood 

EBV-specific C7L4: 

C08* HIV gag specific. CTL5 

BloodTcells 

Cord blood cells 

Hepatocytes 

TIL 

Tumor cellsll 

NeuroWastomafl 

Normal twin bkxxJ T ceSst 

Blood CD34* 

Fibroblasts^ 

Melarx)mal| 

Lungca 

Tumor cells 

Nasal, airway epithelium 
Nasal epithelium 
Nasal epithefium 
Airway epithelium 
Nasal epithelium 
Nasal epithelium 
Melanoma 
Colorectal ca 
Renal cell ca 
Melanoma 


Neuroblastoma 
f*teurot)lastoma 
CML 

AMU ALL 

Melarxima. renal cell ca 
f»*Jttipte myeloma 
Breast ca 
AML 

ktentical twins. 1 HIV^ 
CML 

Metastatic ca, lymphoma 

Ca, leukemia 

HIV*. lympTioma 

ADAdefidency 

ADA deficierrcy 

Familial hyperchotesferolemia 

Melanoma 


Identical twins. 1 HIV* 
Breast ca 
Metastatic ca 
Melanoma 
Lungca 
Gllot)lastoma 


Metastatic ca 
Metastatic ca 
Metastatic ca 


+ 2monttis 
-I- 3nnonttTS 
+36monttis 
+29monltis 
-t-20monttis 
t Smooths 
-H2monttis 

+ 18montfis 
+ 18 riKXiths 
+ 12 months 
+ 4rrKxitfi3 


+ 7montfis 
+14 days 
+36 months 
+ 18 months 
+ 4months 


t- 9days# 

I- 5 days" 

I- 4 days 
I- 3 days 


Ftosenberg. S. A 
Lotze. M. T. 
Brenner. M.K. 
Brenner. M.K 
Brenner, M. K 
Detsseroth. A B. 
Cometfa. K. 
Econonxxj, J. S. 
Dunbar. C. E. 
Dunbar. C. E. 
Brenner. M. K 
Walker. R. E. 
I3eisseroth, A. B. 
Schuening, F. G. 
Heslop. H.E. 
Greenljerg. P. 
Blaese. R. M. 
Blaese. R. M. 
Wilson. J. M. 
Rosentserg, S. A 
Rosenijerg. S. A 
Brenner. M.K 
Walker. R. E. 
Deisseroth. A. B. 
Lotze, M. T. 
Dranoff, G. 
Roth, J. A 
adfiefcf. E. H. 
Crystal. R. G. 
Walsh, M. J. 
Welsh, M. J. 
Wilson, J. M. 
Boucher, R. C. 
Geddes, O. M. 
Nabel, G. J. 
Rubm. J. T.tt 
Volgelzang, N.tt 
Hersh,Ett 


{16. 17) 
(fS) 


(30,37) 
(30,32) 
(38.39) 


lAHogwieic. _|/^]^J^9f»^|fS«<asarTiart<8rgene. BAutotogous tumor eels mocSfied 


le arx) ttien administered to an HIV* twin 
days. ttCoflaborative study, different hstitutions. 


•Messenger RNA at 9 days, vector DNA at 15 days. 
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been u«ed to traiufer the human leukocyte 
antigen (HLA)-B7 and fil microglobulin 
cDNAi directly to solid tumots in vivo, 
with consequent expression of the transfer 
cassette being seen in the tumor (52-56). 

Relevant bioloffc responses. No human 
disease has been cured by human gene 
transfer, and it is not clear when this will be 
accomplished. However, several studies 
have demonstrated that therapeutic genes 
traiufetred to humans by means of retrovl- 
tus, adenovirus, and plasmid-liposome vec- 
tors can evoke biologic responses that are 
relevant to the gene product and to the 
specific disease sute of the recipient (Table 
2). Most <rf the studies demonstratii^ bio- 
logic efficacy have focused on monogenic 
hmditary disorders, where it is rational to 
believe that, if the normal gene product 
could be appropriately expressed at the rel- 
evant site, the abnormal biologic phenotype 
could be corrected. 

Severe combined immunodeficiency- 
ADA deficiency is a fatal recessive disorder 
caused by mutations in the gene encodii\g 
ADA; these mutations cause accumulation 
of adenosine and 2'-deoxyadenosine, which 
are toxic to lymphocytes (57). Affected 
children are unable to generate normal im- 
mune responses and develop life-threaten- 
ing infections. The normal ADA cDNA 
was traruferred ex vivo with a retrovirus 
vector into T lymphocytes of two children 
with this disorder, and the modified T cells 
were expanded in the laboratory and peri- 
odically infused into the autologous recipi- 
ents (30, 31). This resulted ti 


T cell numbers and in die ADA levels in 
circulating T cells. The two children now 
have partially reconstituted immune func- 
tion, as demottstrated by T cell cytokine 
release, cytotoxic T cell activity, isohemag- 
glutinin production, and skin test resporwes 
to common antigens. In addition, three in- 
fants with ADA deficiency who received 
autologous infusioTU of cord blood CD34* 
stem cells modified ex vivo with a retrovirus 
vector containing the notrnal ADA cDNA 
have also shown evidence of ittcreased 
nurdien of blood T cells and Increased 
ADA levels In T cells (30, 32). The results 
of the ADA studies are difficult to inter- 
pret, because none of these trials have been 
controlled and the recipients have also re- 
ceived the standard therapy of enzyme in- 
fusions with mono-methoxypolyethylene 
glycol-bovine ADA. Despite these caveats, 
these observations are consistent with the 
conclusion that this ex vivo gene trai«fer 
strategy evokes biologic responses that are 
relevant to treatment of ADA deficiency. 

Familial hypercholesterolemia is a fatal 
disorder caus^ by a deficiency of LDL re- 
ceptors in the liver that are secondary to 
mutations in the LDL receptor genes (38, 
39, 58). The consequences are high levels 
of serum cholesterol and LDL cholesterol, 
premature atherosclerosis, and myocardial 
infarction. A retrovirus vector was used ex 
vivo to transfer the normal LDL receptor 
cDNA to autologous hepatocytes obtained 
by partial liver resection of an individual 
with this disorder (38, 39). After reinfusion 
of the modified hepatocytes into the liver 


via the portal vein, there was a reduction In 
LDL cholesterol and in the ratio of LDL to 
high-density lipoprotein over 18 months, 
which is coitsbtent with the concept that 
the corrected cells functioned in vivo to 
internalize and metabolize LDL cholesterol 
appropriately. Like the ADA deficiency 
studies, this study was partially compro- 
mised because other therapies were being 
administered. Furthermore, the LDL recep- 
tor gene mutations were mild and couk) 
have responded to experimental variables 
other than the transferred gene (58). How- 
ever, similar transfer of autologous hepato- 
cytes modified ex vivo to other individuals 
with more severe mutations of the LDL 
receptor gene demonstrated partial correc- 
tion of a variety of tipoprotein-related met- 
abolic parameters, which is consistent with 
the conclusion that this gene transfer strat- 
egy did evoke a relevant response (38). 

Cystic fibrosis is the most common le- 
thal hereditary disorder in North America 
(59). It is caused by mutations in the CFTR 
gene, a gene coding for an adenosine 3',5'- 
monophosphate (cAMP)-regulatable chlo- 
ride channel in the apical epithelium. As a 
result of these mutations, the airway epithe- 
lium is deficient in CFTR function. This 
leads to chronic airway infection and in- 
flammation and progressive respiratory de- 
rangement. There is compellittg logic to the 
argument that these lung derangements 
could be prevented if CFTR function couU 
be restored in these cells (60). It is difficult 
to assess CFTR function in the airway epi- 
thelium in vivo in humans, but the nasal 


Tabi« 2. Data from human gene transfer studies in wtiich transfer of genetic nnaterial fias evoked a triotogic response ttiat is rBlevant to the undettying disease. 


Disease 
category 

Disease 

Strategy 

Vector 

Gene 
product* 

Target ceBs 

Relevant biologic 

Principal 
Investigator 

Reference 

Hereditary 

ADA deficiency 

Ex vivo 

Retrovirus 

ADA 

Blood T cells and cord 

Partial restoration of 

Blaase. R. M. 

(30^ 






blood C034* stem 

irmime response 




FamiEal hyper- 


Retrovirus 

LDUI 

ceSs 
Hepatocytes 

Partial correction of lipid 

Wilson, J. M. 

(38. 33i 


cholestenslemia 




abnormalities 




Cystic fibrosis 

In vivo 

Adenoviois 

CFTR 

Nasal epithelium 

Partial correction of 

Welsh, M. J. 

{46. 47) 







potential difference 

Crystal, R. G. 

(44.62) 







atDnormalities across 









the nasal epithelium 




Cystic fibrosis 

In vivo 

Plasmid- 

CFTR 

Nasal epithelium 

Partial correction of 

Geddes, 0. M: 

{51) 




Bposome 


potential difference 









abnormalities across 









the nasal epithelium 



Acquired 

Solid tumors 


Rasmid- 

HLA-B7 

Tumor cellst 

Specific innmune 

Nable. G. J. 

(52) 




liposome 



respor\se to tumor 

Rubin, J. 

(53,54) 




complex 




Vogelzang, N. 

(54, 55) 








Hersh,E. 

(54,56) 




Retrovirus 

IL-4 

RbroblaststS 

Specific and nonspecific 

Lotze, M. 

(34) 







immuie response to 






Retrovirus 

IL-2 

Neuroblastoma^ 

Specific and nonspecific 

Brenner, M. K. 

(35) 







immune response to 













deficiancy; LDLR. low-density lipoprotein receptor; CFTR, cystic fJxosis transmembrane cooductanoe regulator; 
t-B7 + 3j microglobulin; IL-4, inteiteukin-4. 1l>ect administration to melanoma, colorectal canSnoma, ■ ■ 
{Combined with lelhaBy Irradiated, unmodilied autologous tumor eels. 
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epithelium ha« been used as a surrogate to 
test the hypothesis that in vivo transfer of 
the normal CFTR cCWA will correct the 
functional consequences of CFTR deficien- 
cy (47, 61 ). The parameters measured relate 
to the observation that die deficiency in 
CFTR causes an abnormal potential differ- 
ence between the nasal epithelial surface 
aiKl subcutaneous tissues. Although the na- 
sal epithelium is not identical to the airway 
epithelium, two of three studies with adeno- 
virus vectors (44-47. 50, 62) and one with 
plasm id-liposome complexes (5J) have 
detnon strated that in vivo transfer of the 
CFTR cDNA to the nasal epithelium 
evokes a partial correction of these potential 
diffeierK:e abriormalities for 1 to 2 weeks. 

There are also studies in which human 
gene transfer appears to have initiated bio- 
logic respoiues that are relevant to therapy 
for an acquired disorder. These are all "tu- 
mor vaccine" studies, based on the hypoth- 
esis that exaggerated local expression of an 
immune-related cytokine might help acti- 
vate the immune system sufficiently to rec- 
ogrtize tumor antigens and control the 
growth of tumor cells. In one ex vivo study, 
a retrovirus vector was used to transfer the 
interleukin-4 (IL-4) cDNA to autologous 
fibroblasts (34). The cells were dien irradi- 
ated and implanted subcutaneously in the 
donor together with irradiated, unniodified, 
autologous tumor celb. In some recipients, 
this evoked infiltration with CD3* T cells 
and tumor-specific GEM* T cells at the 
immunization site, as well as enhanced ex- 
pression of cell adhesion molecules on cap- 
illary endothelium. In another trial, autol- 
ogous neuroblastoma cells modified ex vivo 
with a retrovirus to contain the IL-2 cDNA 
were lethally irradiated and implanted sub- 
cutaneously (35). In some individuals, this 
evoked systemic augmentation of CD16* 
natural killer cells and tumor-specific 
CDS* cytotoxic T cells and eosinophilia. 
Finally, in four triab, in vivo plasmid-lipo- 
some complexes were used to transfer a 
heterologous HLA class 1-B7 cDNA and 
the microglobulin cDNA directly to sol- 
id tumors (52-56). In several patients, there 
was evidence that the gene transfer process 
initiated amplification of the numbers of 
detectable, circulating, tumor-specific cyto- 
toxic T cells. 

Insights into human biology- Experience 
with nurking studies has shown that human 
gene transfer can yield important insights 
into human biology by making It possible to 
track the fate of genetically marked cells in 
a recipient. For example, when stored au- 
tologous marrow is used to rescue a patient 
from the suppression of marrow function 
that complicates high-dose chemotherapy 
for late-stage maligtuincy, the individual 
may subsequently develop a recurrence of 
the malignancy. Gene transfer marking 
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studies have helped answer the question of 
whether die recurreiKe is secondary to a 
residual tumor in the patient or is derived 
from malignant celb contaminating the re- 
infiised banked marrow. Several studies that 
used an ex vivo strategy with a retrovirus 
vector to mark marrow celb with a neomy- 
cin resistance (neo") gene arvl then rein- 
fused the marked marrow have dentonstrat- 
ed that contamination of the autologous 
marrow with malignant celb is common (II, 
16-25). These observations have led to 
more attention being focused on purging 
banked autologous utanow of contaminat- 
ing neoplastic celb before they are reinfused. 

There are a number of strategies being 
developed for the use of ex viyo gene trans- 
fer to protea autologous T celb from infec- 
tion with the HIV-1. None will work, how- 
ever, if autologous T celb manipulated in 
the laboratory and then reinfused into an 
HIV'*' individual have a short biologic half- 
life. The life-span of an autologous T cell in 
HIV'*^ individuab has been evaluated in 
identical twin pairs in which one twin is 
HIV* and the odier is HIV" (12). A retK>- 
virus vector was used ex vivo to transfer the 
neo"* gene into the T celb from the normal 
twin, and the genetically marked cells were 
then reinfused into the HIV'*' twin. Some 
CD4* and CDS'* marked T celb (or their 
progeny) survived for at least 10 months, 
providiitg a baseline to allow future studies 
to compare the fate of T celb that have 
been genetically modified to prevent HIV 
infection. 

In a strategy to prevent reactivation of 
Epstein-Barr virus (EBV) and the accompa- 
nying associated lymphoproliferative disease 
after bone manow transplantation, allogenic 
EBV^specific cytotoxic T celb (CTL) were 
genetically madced with a retrovirus vector, 
and the celb were infused into individuab at 
risk ( 15, 16). This preliminary study suggest- 
ed that EBV-specific allogenic celb may 
help control EBV-associated complications 
of marrow transplantation, and the use of 
the marker genes demonstrated that the in- 
fused EBV-specific CTL persisted in the re- 
cipients for 10 weeks. 

Two types of therapeutic studies support 
the biologic concept that minimal correc- 
tion of a genotype can have significant 
phenotypic consequences. In the ex vivo 
study of retrovirus-mediated trarwfer of the 
LDL receptor cDNA into autologous hepa- 
tocytes in patients with familial hypercho- 
lesterolemia, liver biopsy several months 
after reinfiision of the modified hepatocytes 
showed that at most 5% of the toul hepa- 
tocyte population expressed the normal 
gene in vivo (38, 39, 62). Despite this 
minimal correction, in some of the recipi- 
ents there were changes in LDL-rebted pa- 
rameters that suggested LDL receptor func- 
tion in the liver had been partially restored. 
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Partial phenotypic correction has also been 
observed in most of the triab of adeiwvirus- 
and plasmid-liposome complex-mediated 
in vivo transfer of the CFTR cDNA to dhe 
nasal epithelium in CP, even though the 
amount of gene transfer and expression has 
been limited to a small fraction of the target 
celb (44-47,50,51,62). 

Finally, when adenovirus vectors are ad- 
ministered to experimental animab, the an- 
imab quickly develop circulating neutraliz- 
ing antibodies directed against the vector 
(9). In two studies of administration of ad- 
enovirus vectors to the airways of individ- 
uab with CF, no circulating neutralizing 
antibodies were detected (44, 45, 49). This 
is an important observation, because the 
expression cassette delivered by adenovirus 
vectors retitains epichromosomal, and thus 
the vector will have to be readministered as 
its expression wanes. Although it is possible 
that there are local antibodies to tf»e vec- 
tors in these individuab (9), the lack of a 
systemic immune response to such an anti- 
gen load b encoutagir\g in that it suggests 
that antibodies to vectors may not be a 
major factor limiting persutent vector ex- 
pression in humans when the lung is repeat- 
edly dosed (64). 

Safety of gene transfer. The theoretical 
safety concerns regarding human gene 
transfer are not trivial. FOr the individual 
recipient, there is the possibility of vector- 
induced inflammation and immune re- 
sponses, of complementation of replication- 
deficient vectors leading to overwhelming 
viral infection, and (for the retrovirus vec- 
tors) of insertional mutagenesis. There are 
also theoretical issues that are important to 
society, including concerns about modifying 
the human germ line and about protecting 
the environment from new infectious 
agents generated from gene transfer vectors 
carrying expression cassettes with powerful 
biologic functions. ' 

There have been adverse events in the 
human gene transfer trials, ituzludtng inflam- 
mation induced by airway administration of 
adenovirus vectors (44-50, 65) arid by ad- 
ministration to the central nervous system of 
a xenogenic producer cell line releasing a 
retrovirus vector (43, 66). However, com- 
pared with the total numbers individuab 
undergoing gene transfer, adverse events 
have beein rare and have been related mosdy 
to the dose and the nuuiner in which the 
vectors were administered. Shedding of viral 
vectors in the in vivo triab was very uixcom- 
mon and was limited in extent and time (42, 
44-50, 65). No novel infectioiis agents gen- 
erated from recombination of the transfBtred 
genome and the host genome or other ge- 
netic information have been detected, nor 
has any replication-competent virus related 
to the vector. Celb modified ex vivo with 
retrovirus vectors have been infused repeti- 
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tlvely without adverse eflfeco (13, 30, 3/, 
35), adenovinis vectors have been adminis- 
teied repetitively in vivo to the nasal (48) 
and bnmchial epithelium safely (64, 67), 
and plasmld-liposome complexes have been 
administeted repetitively to tumors in vivo 
without complications (52-56). Finally, hu- 
man gene transfer has not been implicated 
in initiating malignancy, although the num- 
ben of recipients and time of observation 
will have to be much greater to allow defin- 
itive conclusions regarding this issue. 

What Are the Obstacles to 
Siuccessf ul Human Gene Transfer? 

With the successes of the human gene 
transfer trials have come the sobering real- 
ities of the drug development process. Some 
of the problems are generic for the field, 
and some axe specific for each vector. 

Inconsisteiu results. All of the human 
gene transfer studies have been plagued by 
inconsistent results, the bases of which are 
unclear. For example, in die two children 
with ADA deficiency receiving intermit- 
tent infusions of autologous T cells modi- 
fied ex vivo with the normal ADA cDNA, 
the resulting proportion of ADA* circulat- 
ing T cells has varied from 0.1 to 60% (30, 
31). In the CF trials, there is evidence that 
adet)ovirus vecrors and plasmid-lipo some 
complexes can transfer the normal CFTR 
cDNA to the respiratory epithelium, but 
expression is observed in at most 5% of the 
target cells and is not seen in all recipients 
(44-51, 65). Further, an s^propriate biolog- 
ic response to gene transfer (correction of 
the abnormal potential difference across the 
nasal epithelium) has been observed in 
some patients in most, but not all, of the 
studies of CFTR cDNA transfer (44-47, 50, 
5J, 62). In most of the ex vivo marrow- 
marking trials, successful gene transfer is 
observed intermittently (Table 1). 

Humems are not simply large mice. There 
have been' several surprise examples, in 
which predictions from gene transfer studies 
in experimental animab have not been 
borne out in human safety and efficacy triak. 
In tumor vaccine studies intended to evoke a 
tumor-directed inunune response, there is no 
convincing evidence (other than anecdotal 
case reports) d\at tumors regress, despite the 
promising observations in experimenul ani- 
tnals (34, 37, 52-56). It has also become 
apparent that studies in experimental ani- 
niab tray not necessarily predict the toxicol- 
ogy of vectors in humans. In one patient 
with CF in whom 2 X 10' plaque-forming 
units of an adenovirus vector containiirg the 
CFTR cDN A were administered to the lung, 
a transient local and systemic inflammatory 
syrKirome was evoked, despite the fact that 
no clinically apparent toxicity was observed 
in rodents and nonhuman primates receiving 


1000-fbld greater doses by die same route 
(45). Likewise, in an ex vivo-in vivo strategy 
to treat glioblastoma, transfer of xenogenic 
retrovitus-producing celb to the tumor was 
accomplished without significant adverse ef- 
fects in experimental animals, but the hu- 
man studies have been associated with cen- 
tral nervous system toxicity related to trans- 
fer of the cell line to the tumor (43, 66). 

Production proWcmi. There are signifi- 
cant hurdles in vector production that must 
be overcome before large clinical trials can 
be initiated. Generation of replication- 
competent virus is observed in production 
of clinical-grade retrovirus and adenovirus 
vectors; and lack of reproducibility, aggre- 
gation, and contamination with endotoxin 
complicate die production of clinical-grade 
plasmid-liposome complexes (68). 

The pafea vector. The ideal gene trans- 
fer vector would be capable of efficiently 
delivering an expression cassette carrying 
one or more genes of the size needed for the 
clinical applicatioru The vector would be 
specific for its target, not recognized by the 
immune system, stable and easy to repro- 
ducibly produce, and could be purified in 
large quantities at high concentrations. It 
would not induce inflammation arid would 
be safe for the recipient and the environ- 
ment. Finally, it would express the gene (or 
genes) it carries for as long as required in an 
appropriately regulated ^hion (69). 

This ideal vector is conceptually imprac- 
tical, because the human applications of 
gene trarwfer are broad, and the ideal vector 
will likely be different for each application. 
Clinical experience to date suggests that 
retrovirus, adenovirus, and plasmid-lipo- 
some vectors all need refinement, but each 
is relatively well suited for the clinical car- 
gets at which they have been directed. Fur- 
ther, die technology is now available to 
create designer vectors that can be opti- 
mized for each application. Among the de- 
sign hurdles for all vectors are the need to 
increase the efficiency of gene transfer, to 
increase target specificity and to enable the 
transferred gene to be regulated. Reproduc- 
ible production of large amounts of pure 
vector is a hurdle for all classes of vectors. 
Some of the vector-specific hurdles are re- 
duction of the risk for insertional mutagen- 
esis in retrovirus vectors, minimization of 
the amount of immunity and inflammation 
evoked by the adenovirus vectors, and en- 
hancement of the translocation of the gene 
to the nucleus for the plasmid-liposome 
complexes. 

There is considerable interest in develop- 
ing new vectors, but there is controyerey as 
to which vector class is most likely to suc- 
ceed, particularly for use in in vivo applica- 
tions. There are two philosophical camps in 
vector design: viral and nonviral. The viral 
proponents believe that the most efficient 
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means to deliver an expression cassette in 
vivo b to package it in a replication-defi- 
cient lecombinant virus. The logic support- 
ing this approach is the knowledge that vi- 
ruses are masterful at reproducing them- 
selves, and thus have evolved strategies to 
efficiently express their genetic information 
in the cells they infect. The nonviral propo- 
nents amcede this argument but believe 
that the redundant anti-immune artd Inflam- 
matory host defertses against viruses may be a 
risk to recipients, will limit the duratimi of 
expression as the infected ceUs are recog- 
nized by the immune system, and may hinder 
the efficacy of repeat administration of the 
vectors. Thus, nonviral vector aficionados 
believe it is latioruJ to start from scratch to 
design safe, efficient, gene transfer strategies. 
In contrast, the viral camp believes that it is 
best to start with something that works but 
then to circumvent the replication, immune, 
and inflammation risks inherent in their use 
by appropriate vector design. It Is most likely 
that these philosophical difierences will 
eventually disappear as new classes of vectors 
are desigried that incorporate features of viral 
and rKjnviral vectors, as dictated by specific 
clinical applications. 

Future Prospects 

None of the dnjg development problems 
facing human gene transfer are insurmount- 
able, but each will take time to solve. How- 
ever, the logic underiying the potential use- 
fulness of human gene transfer is compel- 
ling; and put in a context in which the 
human genome project will provide 80,000 
to 100,000 human genes that could be used 
in expression cassettes for human gene 
transfer, the potential impact of this tech- 
nology for innovative therapies and in- 
creased understanding of human biology is 
enormous. 
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WHY GENE THERAPY? 

It is well established that most cancers result from a series of 
accumulated, acquired genetic lesions in somatic cells that 
are faithMly reproduced until a malignant clone is created, 
which is ultimately able to destroy the host. To a larger and 
larger extent, the genetic lesions associated with malignant 
transformation and progression in a wide variety of human 
cancers are being identified [1,2]. Armed with this knowl- 
edge of the molecular anatomy of the cancer cell, gene 
therapy has emerged as a new method of therapeutic and 
possibly preventive intervention against cancer targeted at the 
level of cellular gene expression [3]. In this approach, the 
complex cancerous pathophysiological state is altered by 
delivering nucleic acids into tumoral or normal cells. These 
nucleic acids may be genes, portions of genes, oligo- 
nucleotides, or RNA. In conventional therapeutics, as in 
pharmacotherapy, a cell or tissue phenotype is altered by 
modifying cell physiology or metabolism at the level of 
protein expression. In contrast, in gene therapy this is 
accomplished by changing the pattern of expression of genes 
whose products may thus achieve the desired effect on the 
cellular phenotype. 

In the treatment of human disease, gene therapy strategies 
may offer the potential to achieve a much higher level of 
specificity of action than conventional drug therapeutics by 
virtue of the highly specific control and regulatory mechan- 
isms of gene expression that may be targeted. Additionally, 
interceding at an earlier, upstream step in disease pathogen- 
esis may offer greater potential to induce fundamental chan- 
ges in phenotypic parameters of disease, with a more 
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3 Ae a con.scquencc of obstacles 1 and 2, tumouri have, or acquire, 
r<-iisunii- to cellular tuuns and to many other llicnipculicnily 
induced cellular insult's 

4 Tumouri can hjvc a low ccUuLii i^otith fracaon; iherctore, tlicv are 
less susceptible to iniiotic toxin;, and U) Rene transfer vcnori that 
require dividuig cells 

5 Tumours form mitanaics, whidi have to he reached systeinicaily 
to eradicate Qie. mmour completely. 

6 Tumours do not express spccifit. tumour antigens or immune 
costiniulatory molecules; alternatively, tuinoun down-regulate 
ancigcn-prcscntatinn, induce imntunolc^ica! toierance, or inhibit the 
eflector medianisin'. of the immune rcsponsiC 

7 The ifxmtamt^uf behaviour of human tumours is somewhat 
diffcnsnt from that of molignnnt cells in vinv, and from that of 
expcnmental tumours in aniinal inodeh. 

8 Tumours ate diagnosed id advanced suites, vvhcn billions of 
tumour cells cxibt in the hody, ftcqucntl> widely disseminated. 

9 Tlie understanding anvl ireaimem of cancer require? the 
contribuuon of very dfjene fields of basic knowledge, 
bjoicchnylogy, and medical practice 


favourable clinical outcome. The availability of gene transfer 
systems, or vectors, for permanent or long-term genetic 
modification of cells and tissues should allow definitive ther- 
apeutic or preventive interventions. Furthermore, gene 
transfer may be accomplished in a limited loco-regional con- 
text, producing a high concentration of therapeutic molecules 
in the local area. TTius, undesired systemic effects of those 
therapeutic molecules are avoided. Lastly, using the body to 
produce therapeutic proteins, potentially in only certain tis- 
sues, has practical advantages of its own [4] . Briefly, limita- 
tions associated with manufacture, stability, and duration of 
effect after administration of drugs based on synthetic pep- 
tides are completely avoided. From the same pharmacological 
point of view, designer drugs based on small molecules, cur- 
rently under intensive investigation, can hardly substitute the 
function of complex defective proteins, such as many pro- 
ducts of tumour suppressor genes. 

In the treatment of human malignant tumours, several 
obstacles explain the limitations of currently available treat- 
ments for achieving definitive cures in most cases of advanced 
disease (Table 1). It is apparent that a combination of new 
chemotherapy drugs, higher doses of drugs, novel cytokines, 
improved regimens of radiotherapy, and more sophisticated 
surgery can achieve incremental improvements in cancer 
treatment. But these therapies do not address critical biolo- 
gical obstacles and, thus, probably will not bring the much- 
needed radical advances in the implementation and results of 
cancer treatment. In contrast, gene therapy offers the poten- 
tial for overcoming some of these fundamental barriers 
(Table 1). 


Gene iranifcr of DNA repair or cell cycle checkpoint genes that 
restore DNA Mabilily end cell suscepubUily to ilierapeutic insulu. 
I'argctmg of gcneticall> honiugcncous and stable tissues, sucJi a>. 
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chimeric vectors. 
Strategics aboie, associated witl» dicmoiherapv or Mdiot)ier.ip> 
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STRATEGIES 

A number of strategies have been developed to accomplish 
cancer gene therapy. These approaches include (1) mutation 
compensation, (2) molecular chemotherapy, and (3) genetic 
immunopotendation. For mutadon compensadon, gene 
therapy techniques are designed to correct the molecular 
lesions that are aeuologic of malignant transformadon, or 
avoid the contribudon to malignant growth by tumour-sup- 
porting non-malignant stromal cells. For molecular chemo- 
therapy, methods have been developed to achieve selective 
delivery or expression of a toxin gene in cancer or stromal 
cells to induce their eradication, or alternatively to increase 
their sensitivity to concomitant chemotherapy or radio- 
therapy. Also, attempts have been made to deliver genetic 
sequences that protect normal bone marrow cells from the 
toxic effects of standard chemotherapeutic drugs, thus allow- 
ing the administration of higher drug doses without reaching 
otherwise limiting myelosuppression. Genetic immunopo- 
tendation strategies attempt to adiieve active immunisation 
against tumoiu--associated antigens by gene transfer meth- 
odologies. Both tumour cells and cellular components of the 
inunune system have been genetically modified to this end. 
Importandy, each of these approaches has been rapidly 
translated into human gene therapy clinical trials [5] as sum- 
marised in Table 2. 

In this review, we examine the lessons learned from the 
results of the first attempts to apply each gene therapy strat- 
egy in human cancers. In each section, we show both the 
rationale of gene therapy and the problems encountered in its 
development, emphasising the general biological concepts of 
each therapeutic strategy. Finally, we illustrate prospects for 
overcoming the obstacles to implementation of gene therapy 
by novel methods that are currendy being refined. 

MUTATION COMPENSATION 

The knowledge of the major roie diat growth factors, sig- 
nalling molecules, cell cycle regulators, and determinant fac- 
tors of angiogenesis, invasiveness and metastasis play in 
neoplastic progression has positive implications for gene 
therapy. That is, it is possible to abrogate the malignant phe- 
notype by correcting the underexpression of tumour sup- 
pressor genes or overexpression of oncogenes involved in 
these phenomena. At the level of the single cell, the inactiva- 
tion of mmour suppressor genes contributes to the neoplastic 
phenotype by abrogating critical cell cycle checkpoints, DNA 
repair mechanisms, and pro-apoptotic controls. To approach 


this loss of function, the logical intervention is replacement of 
the deficient function with the wild-type gene. Mutations of 
more than 24 tiunour suppressor genes have been described 
in numerous cancers. Of these, p53, RBI, and BRCAl are 
currendy being administered in clinical trials as replacements 
for the mutated counterparts (Table J). In all these cases, 
pre-clinical studies showed some exprrssion of the wild-type 
protein after gene delivery and reversion of the malignant 
phenotype, frequendy associated with the induction of apop- 
tosis in tumour cells [6], Of note, however, some tumours 
have shown persistent tumorigenicity and proliferation after 
successful restoration and expression of wild-type genes, a 
phenomenon referred to as 'tumour suppressor resistance'. 
Other major obstacles are mentioned later. 

For dominant oncogenes, it is the aberrant ejqjression of 
the corresponding gene product that elicits the associated 
neoplastic transformation. In this context, the molecular 
therapeutic intervention is designed to ablate expression of 
the dominant oncogene. Inhibition of oncogenic function can 
be attempted at three levels. First, transcription of the onco- 
gene can be inhibited. This approach uses triplex-forming 
oligonucleotides or other sequences that bind transcriptional 
start sites in the genomic DNA. An example, currendy being 
clinically tested, is based on the adenoviral gene El A, that 
inhibits transcription of the human c-erbB-2 promoter and 
accordingly suppresses the tiunorigenicity and metastatic 
potential induced by the erbB-2 oncogene. Second, transla- 
tion of the oncogene messenger RNA can be blocked using 
specific antisense sequences, which function by promoting 
degradation of the complementary message [7] . Evidence for 
a specific effect of antisense molecules has been particularly 
compelling in selected cases, and these molecules are cur- 
rendy undergoing clinical tests. These include antisense 
sequences against insulin-like growth factor 1 in glioma, K- 
ras in lung cancer, c-myc in breast and prostate cancer, and 
TGFp in glioma (Table 3). Practical constraints have limited 
wide employment of this technology in protocols of human 
anticancer gene therapy, including the idiosyncratic efficacy 
of specific antisense for a given target gene and the sub- 
optimal delivery of antisense molecules. Third, mobilisation 
of the nascent oncoprotein can be blocked or its function can 
be inhibited when in its final cell location. These last strate- 
gies involve the use of 'intracellular antibodies' that intercept 
and interfere with the intracellular processing of the onco- 
protein, or the heterologous expression of mutant proteins 
that can inhibit the function of the native oncoprotein. 


Table 2. Clinical trials of gene therapy for the treatment of cancel 
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respectively. We have shown, for instance, that intracellular 
expression of an anu-erbB-2 single-chain antibody (scFv) 
results in down-regulation of cell siu^ace erbB-2 expression 
and selective cytotoxicity m tumour cells expressmg the 
oncogene target both iVi vitro and in vivo (8, 9] . 

TUMOUR PHENOMENA DEPENDENT ON 
MULTIPLE GENES 

Angiogenesis 

The development of new blood vessels is a critical step in 
the growth, progression, and metastatic spread of both solid 
and haematopoietic tumours. Despite heterogeneity in many 
other respects, all tumours thus share a universal feature, i.e. 
they depend absolutely on the vasculature not only to sustain 
their initial growth and dissemination but also to maintain 
their long-term viability. Extensive experimental data and 
clinical-pathological studies support this contention (reviewed 
in: Special Issue on Angiogenesis, Eumpean Journal of Cancer, 
Vol. 32, issue 14, 1996). Vessel targeting, therefore, should 
be useful for the treatment of most kinds of cancer, either to 
impede the formation of tumour blood vessels, as initially 
proposed by Folkman (see Special Issue), or as an attempt to 
destroy the already formed tumour vasculature, as proposed 
later by Denekamp and others [10-12]. From the points of 
view of oncology and gene therapy, two features of this strat- 
egy seem most attractive. First, the genetic stability of endo- 
thelial ceLs should essentially eliminate the appearance of 
resistance to molecular therapeutic interventions [13], which 
is so pervasive in the treatment of tiunour cells. This 
hypothesis has been confirmed in a cancer animal model that 
evaluated treatment with the natural angiogenesis inhibitor 
endostatin [14]. Second, an additional advantage of targeted 
killing of endothelial cells is the highly amplified killing effect 
of large numbers of tumour cells when deprived of their vas- 
cularisation. This can partially overcome current limitations 
in the number of cells modified by gene transfer in vim. 

In the last decade, anti-angiogenic drugs targeted to the 
proliferating endothelium of tumours and other diseases have 
been applied in the clinical setting and have entered clinical 


trials. In addition, the association of chemo- or radiotherapy 
with anu-angiogenic agents has been shown to produce an 
enhanced anti-tumour effect m precLrucal models. Notably, 
combined treatments can achieve cures that are not observed 
with either treatment alone [15]. Thus, molecular therapeutic 
interventions against the tumour and its vasculature are not 
only strongly appealing on theoretical grounds for their use in 
a variety of clinical contexts, but their utility is also rapidly 
being tested clinically [16]. Based on this, genetic modifica- 
tion of the endothelium of tumour vasculature has been pro- 
posed as an alternative therapeutic modality [17, 18J. With 
this genetic strategy, the problems of previously explored 
approaches can be potentially overcome. For instance, local 
production of high levels of therapeutic proteins can be 
induced, thus obviating or diminishing the difficulties asso- 
ciated with systemic toxicity, and also pharmacological issues, 
such as largescale manufacture, bioavailability, and cost of 
ordinary drugs. In addition, the ability to release the gene 
product continuously may be relevant in certain cases, such 
as for the appropriate anti-angiogenic effect of interferon 
gamma. 

Both suppression of angiogenic cellular signals and aug- 
mentation of natural inhibitors of angiogenesis have proved 
to be feasible strategies in in vivo tumour models. Examples 
of effective genetic interventions for the suppression of 
angiogenesis factors are the down-regulation of vascular 
endothelial growth factor (VEGF) by antisense molecules, as 
shovm in models of glioma [19,20], and the blockade of 
VEGF receptor function by delivery of mutant versions of 
one of its cognate membrane receptors, Hk-1 [21, 22], or of a 
secreted soluble version of its other receptor, Flt-1 [23,24]. 
In addition, similar results have been obtained by adenoviral- 
mediated delivery of a soluble receptor analogous to the 
endothelium-specific Tie2 receptor [25], also known to play a 
role in tumour angiogenesis. Conversely, the replacement or 
supplementation of inhibitors of angiogenesis has been 
attempted by transfecting cells ivith the thrombospondin 
gene [26] and by using in vivo viral vectors that encode solu- 
ble platelet factor 4 [27] and angiostatin [28,29]. However, 
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none of these strategies has been clinically tested and major 
issues, mostly vectorological, are still to be solved. Most obvious 
are the problems of assuring highly efficient gene delivery and 
long-term expression of the therapeutic anti-angiogenic genes 
to keep the tumour deprived of its growth-enabling vascular- 
isation. In additioHj the current lack of targetable, injectable 
vectors impedes the application of anti-angiogenesis gene- 
based strategies to multiple foci of tiunour that characterise 
disseminated cancer. Lastly, different combinations of endo- 
thelial growth factors and their receptors are altered in different 
tumours, and may even change in single tumours during dif- 
ferent stages of progression. Thus, despite its powerful rationale, 
the successful clinical implementation of anti-angiogenesis 
gene therapy will still require major developments. 

Anti-angiogenesis seems a therapeutic manoeuvre raosdy 
appropriate for avoiding tumour progression but, as men- 
tioned above, alternative anti-vascular strategies have been 
proposed with the intention of destroying existing vascu- 
lature, thereby depriving the tiunour of essential vascularisa- 
tion. To date, there have been few attempts to induce direct 
toxicity in the vasculature of normal or tumour vasculature by 
gene transfer [30,31], but development of targeted vectors 
should prompt immediate evaluation of such strategies. 

Invasion and metastasis 

Increasingly, genes and proteins involved in phenotypic 
aspects of tumours, other than disordered proliferation, are 
being described and identified as potentially useful ther- 
apeutic targets. In this regard, besides angiogenesis, one fun- 
damental component of the metastatic cascade is the local 
invasion of the extracellular matrix by tumour cells. Studies 
in animal models have begun to show that modulation by 
gene transfer of molecules involved in degradation of extra- 
cellular matrix, cellular motility, and cellular adhesion, such 
as plasminogen activators, metalloproteinases and CD44, has 
the potential for inhibiting tumour cell spread [32] . To have 
clinical utility, however, these manoeuvres should provide 
long-term abrogation of the involved molecules and be used 
when the tumour is going through the earlier steps of the 
metastatic cascade in a particular patient. 

Apoptosis 

The highly orchestrated form of cell death known as apop- 
tosis goes awry to some extent in most cancers. Increasingly, 
a general theme in cancer pathophysiology is the develop- 
ment of a defect in the fiuiction of pro-apoptotic molecules, 
such as p53, that commonly prepare the cell for - apoptosis 
whenever cell proliferation or DNA damage is induced, their 
absence thus depriving the cell of a critical safety mechanism 
[33]. Alternatively, a functional excess of anti-apoptotic 
molecules, such as Bcl-2, may also occiu in tumours. In each 
case, the result is an imbalance that favours the inappropriate 
survival of tumour cells. The mechanisms involved are attrac- 
tive therapeutic targets because the tumour cell is totally 
dependent on them for its survival, and appears to have a 
higher sensitivity to the induction of apoptosis than normal 
tissues [33] . In addition, restoring or enhancing the capacity 
to undergo apoptosis may, in some cases, be a crucial event 
which renders tumoiu^ sensitive to classical anticancer agents, 
such as chemotherapy [34, 35] and radiotherapy [36, 37] . 

With the increasing recognition of the molecular basis of 
the apoptotic pathway [33,38-40], and die description of 
several of its components acting as oncogenes or tumour 


suppressor genes, gene therapy has emerged as a rational 
strategy for the modulation of apoptosis. Therefore, die 
genetic modification of tumour cells and their supportive 
stroma with genes that modulate the apoptotic process has been 
recendy proposed for the gene therapy of cancer [6, 4 1-43] . 
Three general requirements for the successful therapeutic 
application of genetic modulation of apoptosis in cancers are 
apparent. First, sigiuficandy better gene transfer vectors may 
be needed to modify and trigger apoptosis in most malignant 
cells in any given tumour. Current vectors are far from 
achieving in vivo the requisite high levels of tumour cell 
modification. Alternatively, mechanisms may be implemented 
regionally to amplify the effects of the expression of trans- 
ferred genes, i.e. by inducing a bystander apoptosis. Second, 
given the ubiquity of the ntunerous cellular proteins involved 
in apoptotic pathways, selective activation in cancer cells of 
the lethal processes may also be a critical requirement of 
therapeutic manoeuvres. The lower threshold for undergoing 
apoptosis that characterises tumour cells could, however, 
offer an advantageous therapeutic window that makes this 
requirement less stringent. Third, given the complexity and 
redundancy of the signalling circuits involved, modulation of 
several components of the apoptotic pathways may be needed 
to provoke cell death. Interventions downstream in the circuits 
might also be preferable to avoid regulatory counterbalances. 

Despite the theoretical constraints just mentioned, pre- 
liminary attempts to explore the therapeutic modulation of 
apoptosis against cancer by gene transfer have already begun, 
driven by encoiu^ging preclinical data in animal models. 
Clinical trials are currendy ongoing evaluating the value of 
pro-apoptotic p53 and adenoviral El A, and a growing num- 
ber of other candidate genes are being considered and tested 
preclinically (Table 4). 

Obstacles to mutation compensation 

Although the strategies currendy used for the restoration of 
normal genes and ablation of mutant genes have offered in- 
depth insights into the molecular biology of carcinogenesis 
and tumour progression, they face critical problems that 
restrict their clinical application. Human tvunours are 
remarkably heterogeneous in the patterns of expression of 
relevant oncogenes. Thus, therapeutic targeting of a single 
molecular abnormality may have only an inconsequential 
impact on the cHnical management of the disease, consider- 
ing both the population and individual patients. In addition, 
several mutated genes produce molecules with transdominant 
effects, thus necessitating the blocking of their effects and not 
merely their supplementation with a wild-type version of the 
gene. Furthermore, because these strategies mosdy modulate 
intracellular responses, nearly every tumour cell might have 
to be targeted for these approaches to be clinically effective. 
The current state of development of gene therapy vectors, 
both viral and non-viral, makes this feat unachievable within 
non-toxic margins of vector dose. Clearly, breakthrough 
developments in vector technology are needed for these 
obstacles to be overcome. A better understanding of the 
tumour-supportive micro-environment and of multicellular 
tumour phenomena may also suggest genetic interventions 
that, even with a limited gene transfer, can elicit widespread 
effects in the tumour. In addition, approaches such as mole- 
ctilar chemotherapy or immune system augmentation that 
exhibit an amplified regional or systemic effect hold the pro- 
mise of tackling some of the aforementioned limitations. 
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MOLECULAR CHEMOTHOERAPY 

A number of distinct approaches to molecular chemo- 
therapy for cancer have been developed. These include the 
administration of (1) toxin genes to eliminate tumour cells 
and the stromal cells that support them, (2) drug resistance 
genes to protect the bone marrow from myelosuppression 
induced by chemotherapy, and (3) genes that enhance the 
effect of conventional anticancer treatments. Initially, the 
approach of molecular chemotherapy was designed to achieve 
selective eradication of carcinoma cells via expression of a 
toxin gene. This is similar to conventional chemotherapy, 
where pharmacological agents are employed. However, in the 
latter approach, toxicity of the drug is often manifested both 
in malignant and non-malignant cells. Therefore, in order to 
effect a reduction in the burden of neoplastic cells, the 
patient's normal tissues and organs have to be exposed to 
potentially harmful quantities of the drug. Molecular chemo- 
therapy is designed to circumvent this limitation by selec- 
tively targeting toxin delivery or expression to cancer cells on 
the basis of more specific tissue- or transformation-associated 
markers, thereby reducing the potential for non-specific toxi- 
city. Commonly, a non-toxic pro-drug is administered that 
requires activation in genetically modified cells in order to be 
transformed into a toxic metabolite that ultimately leads to 
ceU death [44-^9].- 

Toxin genes 

Thymidine kinase. The most common molecular chemo- 
therapy system utilised to date to accomplish cell killing has 
been the herpes simplex virus thymidine kinase (HSV-tfe) 
gene given in combination with the pro-drug ganciclovir 
(GCV) [50] . The selectivity of die HSV-fAs system is based on 
the fact that, contrary to normal mammalian thymidine 
kinase, HSV-i*; preferentially monophosphorylates GCV, 
rendering it toxic to the cell. GCV is then further phos- 
phorylated by cellular kinases to produce triphosphates that 
are incorporated into cellular DNA. The incorporation of the 
triphosphate form of GCV causes inhibition of DNA synth- 
esis and of RNA polymerase, leading to cell death [44] . Thus, 
tumour cells (or any other cell undergoing mitosis) trans- 
duced to express the viral tk gene have enhanced sensitivity to 
cell killing after exposure to GCV. Somewhat unexpectedly, 
normal cells transduced with HSV-tfe after intravenous (i.v.) 


[51] or intrahepatic [52] administration of adenoviral HSV-tA 
vector have also shown higji sensitivity to GCV, leading to 
liver degeneration and low survival in mice. The absence of 
toxicity of GCV after i.v. administration of a control adeno- 
virus or subcutaneous administration of an adenovirus 
encoding HSV-tfe suggests that the toxicity is specifically 
liver-associated. The relationship between toxicity and the 
status of bver parenchymal cells with respect to the cell cycle 
remains to be determined. The toxicity and efficacy of the 
transfer of HSV-£* are currendy being tested in more than 
two dozen phase I human clinical trials, including tumours of 
the ovaiy, brain, prostate, head and neck, mesothelioma, 
multiple myeloma, leukaemia, and liver metastasis of colon 
cancer (for an updated list of protocols visit the Office of 
Recombinant DNA activities website at http://www.nih.gov/ 
od/orda/protocol.htm) . 

Bystander effect. Whilst the benefits of selectively eradi- 
cating tumour cells are obvious, an important limitation 
associated with molecular chemotherapy is the inability to 
genetically modify 100% of the tumour cells with the toxin 
gene. However, this has proved not to be as severe a limita- 
tion as initially thought due to the phenomenon known as the 
'bystander effect', whereby the eradication of HSV-rJfe trans- 
duced cells elicits a killing effect upon the surrounding non- 
transduced tumour cells. That not all of the tumour cells 
need to contain the HSW-tk gene to obtain complete eradi- 
cation of the tumour was an observation of early experiments 
employing the relatively inefficient retroviral vectors in brain 
tumours [53, 54] . This occurrence was later confirmed in a 
variety of other nmiour model systems [55-58]. 

Other toxins. Several additional combinations of enzyme/ 
pro-drug have been developed to improve the efficacy of 
molecular chemotherapy and overcome the limitations of tk/ 
GCV. For example, some of the enzyme/pro-dnig combina- 
tions induce toxic effects not only in cycling but also in non- 
cycling cells (carboxypeptidase G2, nitroreductase, purine 
nucleoside phosphorylase). With others, the bystander effect 
is stronger (purine nucleoside phosphorylase) or does not 
require cell contact (cytosine deaminase, nitroreductase). 

With some exceptions, single drugs in standard chemo- 
therapy do not cure cancer. Historically, effective cancer 
treatments were developed when drugs with different 
mechanisms of action were used in combination. Extending 
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this concept to molecular chemotherapyj several combina- 
tions of enzyme/pro-drug have been shown to induce syner- 
gistic killing effects in vitro [59,60]. Combination schemes 
have achieved also higher rates of tumour regression and cure 
in animal models [61,62]. Thus, the application of classical 
chemotherapy principles for designing drug combinations 
would recommend the use of pro-drug/enzymes that target 
both dividing and non-dividing cells, that elicit different 
mechanisms of bystander effect, and that have non-over- 
lapping toxicities. 

Drug-resistance genes 

In a second molecular chemotherapy approach, the host 
tolerance to higher doses of standard chemotherapeutic drugs 
is increased by transducing bone marrow ceUs, known to be 
highly sensitive to chemotoxicity, with genes that confer drug 
resisunce [63-65]. Some potential problems with this strat- 
egy are, however, apparent. These- include the absence of 
clear cut evidence demonstrating that higher chemotherapy 
doses translate into improved patient survival, very low 
transduction efficiency of the target human haematopoietic 
cells with retrovirus vectors, the dose-limidng effects deter- 
mined by other non-haematologicai toxicides, and the £act 
that contaminadng cancer cells in the marrow could be 
transduced with the drug-resistance gene, which could 
rapidly give rise to clones of treatment-resistant tumour cells. 

Chemosensitisation and radiosensitisation 

A third approach of molecular chemotherapy seeks to 
modulate the level of expression of a variety of genes that 
influence the sensitivity of the cell to toxic stimuli, including 
conventional chemotherapeutic drugs and radiotherapy. 
Genetic chemosensitisation can be achieved by inducing 
apoptosis, by inhibiting molecules involved in tumour cell 
resistance, or by enhancing intratumoral production of cyto- 
toxic drugs. To facilitate apoptosis, genes such as p53 may be 
administered to tumour cells to enhance the mechanisms of 
apoptosis induced by chemotherapeutic agents [66]. Our 
group has shown that down-regulation of Bcl-2 protein levels 
by an intracellular anti-Bcl-2 single-chain antibody increases 
drug-induced cytotoxicity [67]. Analogously, genetic down- 
regulation of cellular factors related to chemo resistance has 
been shown to enhance chemosensitivity [68]. Alternatively, 
genes can be administered intratiunorally to enhance meta- 
bolic conversion of conventional chemotherapeutic agents. 
For example, transfer of a liver cytochrome P450 gene, 
CYP2Bly into human breast cancer cells gready sensitised 
these cells to the cancer chemotherapeutic agent cyclopho- 
sphamide as a consequence of the acquired capacity for 
intratumoral drug activation. This effect produced a sub- 
stantially enhanced antitumour activity in vivo [69] . Lastly, 
combinations of conventional chemotherapeutic agents and 
molecular chemotherapy can serve the established rule of 
administering cytotoxic drugs with different mechanisms of 
action and toxicities. For example, one ongoing clinical trial 
is evaluating the association of adenovirus-mediated trans- 
duction of ovarian cancer cells with the tk gene followed by 
administration of acyclovir and the chemotherapeutic drug 
topotecan (http://www.nih.gov/od/orda/protocol.pdO. 

Several drugs are proven radiosensitisers, a fact that is 
commonly exploited in the clinic. One of these drugs is 5- 
fiuorouracil (5-FU), which can be produced by the cytosine 
deaminase (CD) suicide gene. In this regard, molecular 


chemotherapy based on CD has been shown to enhance the 
effects of radiation therapy in animal models of gliosarcoma 
and cholangiocatcinoma [70]. Thus, strategies to alter both 
chemosensitivity and radiosensitivity by gene transfer appear to 
have potentially wide applicability in many tumour contexts. 

Obstacles to molecular chemotherapy. With all its promise, 
molecular chemotherapy also bears some practical limita- 
tions. To date, the strategy of molecular chemotherapy has 
been mainly used in loco-regional disease models to over- 
come the lack of targeted vector systems. In these in situ 
schemes, a vector encoding the toxin gene is administered 
intratiunorally or into an anatomic compartment containing 
the tumour mass. The goals of this delivery method are to 
achieve high local vector concentration in order to favour 
tumour transduction and to limit vector dissemination. 
However, transduction efficiencies of presendy available vec- 
tors have been shown to be inadequate. Even in the context 
of closed compartment delivery, it has not been possible to 
modify a sufficient number of tumour cells to achieve a clini- 
cally relevant tumoral response [71]. Furthermore, although 
transduction with HSV-tfe followed by ganciclovir treatment 
reduces tumour burden and prolongs survival in various 
model systems, including those utilising intratumoral and 
intraperitoneal (i.p.) administration, the elevated doses of 
viral vector needed to obtain transduction of the majority of 
the tumour cells are associated with limiting toxicity. In fact, 
substantial toxicity and experimental animal death have been 
noted [51,52,72]. Thus, the small therapeutic index of cur- 
rentiy available vectors in the context of in situ administration 
is a critical limiting factor for the purpose of gene therapy of 
cancer. Furthermore, and most importantiy, a well-known 
limitation of conventional chemotherapy is also to be expec- 
ted with the use of molecular chemotherapy, i.e. the appear- 
ance of drug-resistant tumour subpopulations (Table 1). In 
conclusion, vector limitations and well-known barriers to 
classical cytotoxic manoeuvres impede the full exploitation of 
the promise of a more selective eradication of carcinoma cells 
via the expression of toxin or protective genes. 

GENETIC IMMUNOPOTENTIATION 

The development of clinically evident tumours implies the 
obvious failure of the host immune system to recognise and 
eliminate tumour antigen(s), a hypothetical role suggested by 
TTiomas and embodied by Burnet under the name of 
'immune surveillance of neoplasia' [73]. Genetic immuno- 
potentiation strategies attempt to achieve active immunisa- 
tion against tumour-assodated antigens by gene transfer 
methodologies applied either to tumour cells, to enhance 
their immunogenicity, or to cellular components of the 
immime system, to etihance their anti-tumour prowess. 

Genetic modification of immune effector cells 

Cells of the immune system have been modified to aug- 
ment their capacity to recognise and reject tumour antigens 
[74]. To this end, gene therapy offers the possibility of 
genetically modifying effector cells and, importantiy, this 
intervention can be performed ex vivo, thus avoiding the 
toxicity that characterises most biological response modifiers 
when administered systemically. 

Tumour infiltrating lymphocytes (TILs). TILs are derived 
firom mononuclear cells obtained from leucocytes infiltrating 
resected specimens of solid tumours. In the early 1990s, it 
was hypothesised that TILs could be an enriched source of 


J. Gomez-Navarro et al. 


natural killer <yiK) cells and cytotoxic T-lyphocytes (CTLs) 
specific for tiunour antigens, and could also have tropism 
towards systemic tumour foci. On this basis, technology for 
their expansion in culture was developed, and TE-s were the 
first immune cells to be genetically modified and applied in a 
human gene therapy clinical trial against cancer [75]. It was 
soon observed that while TILs do include CTL and NK 
activated cells, only a few of these cells in these mixed popu- 
lations are specific against the tumour from which they are 
isolated. Furthermore, reinfused TILs localised poorly into 
tumours, and their required expansion in vivo using IL-2 was 
rather toxic. Although several strategies have been applied to 
improve treatments based on TILs and other lymphocytes, 
including an elegant re-engineering of their tropism [76, 77], 
a modest localisation of TILs in tumours remains a limitation 
for the efficacy of this poorly tolerated and e^qiensive therapy. 

Genetic modification of tumour cells 

An alternative strategy for trying to augment the anti- 
tumour immune response is to genetically modify tumour 
cells, or to manipulate their components, to facilitate the start 
of a robust immune response. Thus, it has been hypothesised 
that a formerly tolerant host may revert its immune status, 
characterised by tolerance or anergy, and thus ultimately 
experience tumour rejection. In other words, it is hypothe- 
sised that the host can be 'vaccinated' against the tumour by 
exposing tumoiu- antigens to the immune system in a more 
favourable context [78-81]. Most clinical experience with 
antitumour vaccines to date has been obtained in melanoma 
patients. For years, irradiated tumour cells, either autologous 
or allogeneic, were administered in combination with differ- 
ent adjuvants, such as BCG. Later, the molecular definition 
of tumour-associated antigens allowed the testing of vaccines 
based on individual antigenic determinants delivered to the 
padent in the foim of peptides or DNA. More recendy, 
tumour cells themselves have been genetically modified to 
increase their immunogenicity by transfer of a variety of 
genes, including cytokines such as GM-CSF, costimulatory 
molecules such as B7, and MHC molecules. Clinical 
responses have been occasionally observed in melanoma, but 
not in colon or renal cancer [82]. A common requirement, 
not adequately accomplished routinely yet, is to introduce the 
gene of interest in tumour explants or cultured cells with high 
efficiency. A more fundamental problem has been observed 
in experimental models using tumours naturally arising in 
transgenic mice. In these spontaneous tumours, a clear lack 
of efficacy of vaccines called into quesdon the relevance of 
previously observed responses in animal models of grafted, 
syngeneic tumours [83]. 

Obstacles to genetic immunopotentiation 

The main advantage of genedc immunopotentiation is the 
possibility of enlisting physiological mechanisms for a poten- 
tially vast amplification of the therapeutic manoeuvre. To this 
end, even modest levels of gene transfer were initially expec- 
ted to be followed by clonal expansion and systemic spread of 
effector immune cells and mediators. Thus, efficiency of gene 
transfer would be not critical, given the relatively low 
amounts of cells and gene products needed to obtain a 
potentially powerfiil response fi-om the immune system. 

The level of gene transfer into tumour and immune effec- 
tor cells observed clinically has been limited [82], and this has 
been thought to partiy explain the poor results obtained by 


tumour immunotherapy in humans. However, there are 
other, probably more important, obstacles. Factors that can 
explain the failure of the immune system in the cancer patient 
are legion, and it is not clear which of them are critical in the 
clinical context. Some of these factors may similarly explain 
the failure of previous immune therapeutic attempts. In gen- 
eral, a lack of an immune response can be due to inadequate 
immunogenicity of the tumoiu- or to a deficiency of the 
immune system to recognise, respond and reject tumour 
antigens. Reduced tumour immunogenicity can be related to 
the absence, heterogeneity and plasticity of tumoiu--specific 
antigens or the loss of AlHC class I molecules on the tumour 
cells, which are essential for presentation of cellular antigens 
to effector CDS* T lymphocytes. Alternatively, it may well 
be that the lack of costimulatory molecules, such as B7, in 
tumour cells and the lack of other 'danger' signals in the 
tumoiu- site establishes immune tolerance or ignorance, 
which keeps the tumour fi-om being rejected. In effect, cur- 
rent knowledge of tumour immunobiology establishes that T 
cells able to recognise tumour-associated antigens can be 
found in vivo and are inducible in vitro. Thus, the lymphocyte 
repertoire against these epitopes has not been deleted. How- 
ever, either tolerance to these (tumour) self-antigens has been 
induced or, in the absence of costimulatory signals, periph- 
eral T cells simply have ignored these antigens or become 
tolerant ([84] and discussion below on the 'danger' model). 
In this regard, induction of tumour antigen-specific T cell 
anergy in adoptively transferred cells has recentiy been shown 
in experimental models to be an early event in the course of 
tumour progression [85]. In addition, studies with transgenic 
mice that develop spontaneous tumours have shown that 
vaccination with tumour cells transduced with cytokines fails 
to inhibit tumour onset and progression, whereas the same 
cells are able to immunise non-transgenic mice subsequendy 
grafted with tumours [83]. Thus, the failure of naturally 
established tumours to present antigens efficiently, and to 
attract and activate tumour-specific T cells at the tumour site, 
may impede successfiil vaccination against cancer antigens. 
Of note, ignorance by the immune system can abort most of 
the immunotherapy manoeuvres being tested and discussed 
above. An obvious consequence is that cancer vaccines should 
be able by design to break down tolerance to tumour antigens. 

Immune system deficiencies can, in turn, be either gen- 
eralised or regional, including in the latter case the active 
suppression by the tumour of host antigen presentation and 
of effector cells in the local micro-environment by expression 
of a variety of molecules. (For reviews on the mechanisms 
involved in tumour escape see refs. [86,87].) Clearly, the 
presence of immunosuppressive factors in tumours suggests 
the need to complement any immunotherapy strategy with 
manoeuvres explicitiy addressing the intratumoral presence 
of inhibitors of the immune system response, a combined 
strategy which to our knowledge is yet to be direcdy tested. 
An additional general feature of the immune response to 
consider when designing gene-based immunotherapy is the 
redundant phenomenology of the immune system. Its 
destructive power, occasionally needed in its entire exuber- 
ance, requires a complex network of balances and counter- 
balances to control the pathways of activation and 
termination of the immune response. Interventions directed 
to supplement or inhibit single mediators will most probably 
yield partial physiological and therapeutic results in the best 
case, may frequentiy yield no result at all, and occasionally 
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will produce effects opposed to those desired. Thus, combi- 
nations of cytokines are increasingly being used to try to 
control the complexity of the immune response against 
tumours. In the field of organ transplanution, successful 
induction of tolerance to prolong organ survival has been 
achieved by blocking multiple effector cells and mediators of 
the adaptive and innate immune systems. Similarly, it is con- 
ceivable that breaking the tolerance to tumours will require a 
strategy of multiple interventions including several target cells 
and cytokines. 

NOVEL STRATEGIES TO OVERCOME CURRENT 
LIMITATIONS 

As we have reviewed above, gene transfer therapies are 
remarkably successful in tn vitro and in vivo animal model 
systems. In effect, we already know that the malignant phe- 
notype can be reverted in tumour cell lines by 'knocking-out' 
or adding certain genes; that tumours can be eradicated by 
delivery of cytotoxic genes followed by treatment with 
appropriate pro-drugs; and that tumours can be cured in 
murine models by making the tiunour cells either more 
immunogenic or by making the immune system cells more 
responsive, via the expression of cytokines, or by induction of 
costimulatory and immunogenic molecules. However, over- 
riding Umitations have been made apparent in pre-dinical 
experiments and in the first human gene therapy clinical trials 
against cancer, as emphasised by the Orkin-Motulsky report 
to the NIH [88] and the first published clinical results. Most 
difficulties in obtaining clinically relevant benefits come finm 
the inefficiency of current gene vectors in transducing tumour 
or immune cells and their inability to access in a selective way 
target cells distributed systemically. Several avenues for 
improvement have been proposed, and some will be suc- 
cinctly reviewed in this section. 

Mutation compensation requires quantitative gene transfer 

For mutation compensation strategies to work successfully, 
it seems that every tumour cell would have to be corrected in 
its genetic defect to achieve a therapeutic outcome. Thus, 
quantitative transduction of therapeutic genes into the 
tumour after in situ administration of the gene therapy vector 
may be an essential requirement. To this end, a variety of 
vector amplification strategies are being explored, including 
replica tive [89,90] and integrative [91] viral systems. 

Replicadve vector systems. One method to circumvent 
suboptimal tumour transduction of therapeutic genes in vivo 
would be the use of conditionally replicative viral vectors: a 
repticadon-competent virus would be employed to replicate 
selectively within infected tumour cells, leaving normal tis- 
sues unaffected. Production of progeny virions from the 
infected tumour cells would then allow infection of neigh- 
bouring tumour cells. Thus, the intratumoral viral inoculum 
would increase, improving the tumour transduction effi- 
ciency. In addition, the use of viruses that display a lytic life 
cycle would allow virus-mediated oncolysis. TTiis effect would 
occur irrespective of the delivered transgene. In both cases, 
an amplification of the anutumour effect would be achieved 
[90,92J. The limitations of non-replicative vectors already 
observed in human trials have facilitated rapidly increasing 
acceptance of this experimental strategy, once considered an 
eccentric endeavour. 

For clinical application of this strategy, a virus with in vivo 
stability and the capacity for conditional replication within 


tumour cells is mandated [93]. Lack of integration of the viral 
genome into the cell chromosome seems also desirable. In 
this regard, both recombinant adenoviruses and herpes 
viruses have the potential to provide the required properties. 
Not only do they display high efficiency and stability in vivo, 
but also their replication can be controlled. In the case of 
adenoviruses, replication can be restricted to tumour cells by 
placement of genes needed for viral replication under the 
control of tumour- or tissue-specific transcriptional control 
elements, such as the promoter of the prostate-specific 
antigen (PSA) [94] . Alternatively, mutant adenoviruses have 
been designed to replicate selectively in cells lacking 
functional p53. Because p53 is absent in many tumours, the 
replication of this lytic adenovirus would be selective in 
tumours, and a therapeutic strategy for cancer based on 
this concept has been proposed [95]. Clinical trials using 
this virus are currendy ongoing, and encouraging pre- 
liminary results have been presented [96]. However, exten- 
sive studies in a variety of cell lines and animal tumour 
models have to date failed to confirm the selective properties 
of the virus to replicate only in p53 mutant tumour cells 
[97, 98]. 

Herpes viruses have also been developed that replicate 
conditionally in dividing or tumour cells. This selectivity is 
based on several possible mutations engineered in the viral 
genome that prevent it from replicating unless the infected 
cell provides for a substituting molecular activity [99]. These 
properties have established brain tumours, which are sur- 
rounded by non-mitotic cells, as an ideal therapeutic model 
for testing replication-conditional herpes vectors. Notably, 
clinical trials have already begun to test both adenovirus and 
herpes vinis-based replicative vector systems for the treat- 
ment of human cancer. 

A small, non-pathogenic virus called parvovirus went 
through human trials of viral oncolysis several years ago. The 
ability of this virus to replicate depends on factors associated 
with proliferation and differentiation, and as a consequence 
the virus preferentially displays a cytopathic effect in trans- 
formed cells. However, the capacity of the virus to replicate 
and spread robustly within a solid tumour, and subsequendy 
to induce tumour lysis, appears to be hmited. 

As another intriguing example, the capacity of human reo- 
virus to replicate selectively in tumour cells having an acti- 
vated Ras signalling pathway has recently been described in 
an in vivo model [100]. 

Further refinements in replicative vectors are anticipated 
that can significandy enhance the possibilities for the realisa- 
tion of a practical clinical benefit in the context of virus- 
mediated cancer treatment. A systematic analysis of the life 
cycle of a replicative virus reveals four areas where further 
engineering of vectors can bring the required improvements. 
Tlius, better vectors would have increased infectious capa- 
city, would replicate with tight selectivity in target mmours or 
tissues, would have an enhanced replicative 'biu-st', and 
would modulate the local immune response allowing unim- 
peded regional dissemination throughout the tumour to the 
required extent. Efforts to realise each of these features have 
already begun in several laboratories [101-103]. As early 
examples, our group is developing defective adenoviral vec- 
tors that replicate selectively under the stimulus of the cyto- 
kine interleukin-6 [104], or under die controlled addition of 
second vectors carrying replication-enabling DNA sequences 
[105, 106]. 
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Prolonged tramgene expression: integrative vector systems. 
Lack of stabUity in vivo has confined the use of retroviruses 
to the ex vivo modification of target cells. For in situ gene 
delivery, vectors with high efficiency and stability in vivo are 
needed. Of vector systems with both characteristics, adeno- 
viruses have been most extensively characterised and used 
(Table 5). However, adenoviruses also have important lim- 
itations. In addition to a significant inflammatory and 
immune response, an additional basis for the limited trans- 
gene expression associated with adenoviral vectors derives 
fi-om their non-integrative nature, such that vector sequences 
are not retained in the host genome and are not inherited by 
progeny cells. In this regard, after adenoviral-mediated gene 
transfer, the recombinant genome is present as an episome in 
infected cells. Thus, with the proliferation of transduced 
cells, vector sequences are lost, with the consequence of lim- 
ited duration of transgene expression. For utility in mutation 
compensation, and in other gene therapy strategies it thus 
would be desirable to develop methods to achieve integration 
of adenoviral vector-deUvered transgene sequences in infec- 
ted cells. As a novel approach to meet this need, we and 
others have developed a chimeric viral vector system that 
exploits favourable aspects of both adenoviral and retroviral 
vectors. In this scheme, adenoviral vectors induce target cells 
to function as transient retroviral producer cells in vivo. The 
progeny retroviral vector particles can then effectively achieve 
stable transduction of neighbouring cells [107, 108]. Thus, 
the principle of combining selected features of available vec- 
tors into novel chimeric vectors is being explored in the 
development of virus-based gene transfer systems [109]. 

Lentivinises are retroviruses that, in contrast to other 
members of the family, can infect both dividing and non- 
dividing cells. Tbis fimdamental feature has driven significant 
efforts for the development of recombinant lentiviral vectors. 


although practical issues related to the production and safety 
have to date limited its widespread use. The recent develop- 
ment of novel vector packaging systems can significantly 
facilitate availability [1 10], and new self-inactivating lentiviral 
vectors can allow safer use [111, 112]. Efficiency of trans- 
duction of potential cellular targets by pseudotyped lentiviral 
vectors and in vivo utility are intriguing, and have begun to be 
described [112, 113]. 

Prolonged transgene expression: immune tolerance to viral 
vectors. Gene delivery via adenoviral vectors has been asso- 
ciated in vivo with the induction of characteristically intense 
inflammatory and immunological responses. A number of 
specific cellular and hiunoral immune effector mechanisms, 
together with non-specific innate defence factors, eliminate 
the infecting virus [114-117]. This process, refined over the 
course of millennia for maximal efficiency, has been asso- 
ciated with attenuation of expression of the transferred ther- 
apeutic gene due, at least in part, to loss of the vector- 
transduced cells. Based on an understanding of the biology of 
this phenomenon, specific strategies have been developed to 
mitigate the process [103]. Of note, the recent development 
of replicative viral vector systems vnW mandate the eflfective 
modulation of the anti-viral immime response. 

Manoeuvres to minimise the immune response against 
viral vectors include manipulations of both the vector and the 
host. Firsdy, recombinant viral vectors can be genetically 
engineered to delete viral genes encoding highly immuno- 
genic or cytotoxic viral proteins. However, viral vectors with 
most of their genomes deleted are more difficult to propagate 
and purify, transgene expression tends to be unstable, and the 
vectors are still not totally devoid of immunogenic properties. 
However, the most recent versions of these vectors may pro- 
vide adequate production and non-toxic, sustained expres- 
sion of encoded genes for several months [118]. Alternatively, 
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different serotypes and species of adenoviruses have been 
proposed to minimise the stimulus for an immune response. 
Secondly, vectors have been modified to express immuno- 
modulatory molecules. It has been hypothesised that this 
could create a locally privileged environment for the vector. 
Some of these engineered molecules are viral genes that 
interfere with the apparatus of antigen presentation [119], 
such as the adenoviral glycoprotein 1 9 K, the herpes simplex 
virus (HSV) immediate early protein ICP47, or the viral 
interleukin 10 [120]. Others are recombinant molecules 
designed to imitate the viral proteins mentioned, such as 
antisense oligonucleotides or single-chain antibodies against 
MHC class I and H proteins, or to block costimulation, such 
as CTL4Ig [103]. 

Interventions on the immune system of the host have been 
adopted iram common practices in the field of organ trans- 
plantation. In this regard, virally transduced ceDs have been 
considered to behave, to some extent, as allogeneic cell trans- 
plants. Thus, drugs are employed that inhibit the cellular 
immune response, such as anti-CD4 antibodies, cyclosporine, 
dexamethasone, and FK 506. In addition, drugs that 
decrease the humoral immune response, such as cyclophos- 
phamide and deoxyspergualin, have been used. Recently, 
several groups have demonstrated transient and more specific 
immune blockade with inhibitors of T cell costimulation, 
such as anti-CD40 ligand, CTL4Ig, and anti-LFA-1. Further- 
more, interventions aimed to decrease the innate response 
have tecendy been attempted. For instance, a soluble tumour 
necrosis factor receptor has been shown to gready reduce the 
early adenovirus-induced inflammatory response, and to 
prolong expression of encoded genes [121). Unfortunately, 
the required chronic administration of these immunosup- 
pressive drugs affects systemic immune function and could 
lead to a number of potential complications, such as infection 
and malignancy. This makes them less attractive in principle 
for clinical application, although short-term treatment in 
cancer patients should be feasible. Lastly, a more specific 
intervention, induction of tolerance to adenovirus vectors, 
has been induced by several manoeuvres, including intrathy- 
mic injection of adenovirus [122], oral ingestion of adenoviral 
antigens [123], and infusion of antigen-presenting cells 
infected with adenovirus and expressing Fas ligand [124]. 
Thus, although inflammatory and immunological issues have 
limited the overall utility of adenoviral vectors for gene therapy 
applications, many of the aforementioned strategies appear 
promising, and may ultimately allow these limitations to be 
overcome, at the very least in the context of cancer treatments. 

Molecular chemotherapy requires selectivity and amplification 

Any approach to cancer gene therapy involving either 
molecular chemotherapy or mutation compensation requires 
a high level of efficiency of gene transfer specifically to the 
tumour cells. Selective gene delivery is necessary because the 
number of vector particles available for delivery to the cancer 
cells would be decreased by sequestration by normal, non- 
target cells. This would then allow ectopic expression of the 
delivered therapeutic gene, with possibly deleterious con- 
sequences for the normal cells [125]. 

To date, in vivo cancer gene therapy strategies have been 
restricted to the treatment of compartmentalised tumours in 
an attempt to achieve high local vector concentrations and 
relatively efficient tumour transduction. Thus, molecular 
chemotherapy has been employed in a number of animal 


models and clinical trials in which adenoviral or retroviral 
vectors or retroviral vector-producing cells expressing a toxin 
gene have been direcdy injected into localised neoplasms 
confined within body cavities [72,126-129]. The tumoitfs 
treated in this manner include glioblastoma, mesothelioma 
and ovarian carcinomas. 

However, these attempts to restrict expression of the ther- 
apeutic gene to the target cancer cells merely by couiining 
vector administration have proved inadequate. In this regard, 
locally administered adenoviral vectors carrying the HSV-tk 
gene have been shown to disseminate, probably as a result of 
leakage into the blood stream, resulting in a high level of 
liver-assodated toxicity [51]. Substantial hepatic toxicity 
related to the absence of tumour cell-specific targeting has 
also been demonstrated in adenovirus-mediated transfer of 
the HSV-tk gene in an ascites model of hiunan breast cancer 
[72]. In addition, in situ injection of adenoviral vectors has 
been associated with a low level of efficiency of gene transfer 
to the disease cells in human clinical trials [71]. This phe- 
nomenon has been correlated with a paucity of primary 
receptors on the cancer cells [101, 130]. Hence, it is apparent 
that there is a need to develop a vector which will achieve a 
high efficiency of gene transfer selectively to target mmour 
cells following compartmentalised administration in order to 
increase the therapeutic index and realise the full potential of 
gene therapy as a safe approach to the treatment of cancer. 
Moreover, it is clear that the presently available vectors are 
inadequate for the treatment of metastatic disease. In order to 
achieve gene delivery to disseminated cancer cells, the vector 
must be administered i.v. In this context, there is a stringent 
demand for specificity of gene delivery to the tumour cells, 
both in order to avoid vector wastage following transduction 
of nontarget cells and, more importantiy, to prevent toxicity 
associated with expression of the therapeutic genes in normal 
cells [125]. Therefore, a means must be developed to modify 
the gene delivery vehicle to permit efficient gene expression 
specifically in target cancer cells. 

Targeting. Targeted gene therapy for cancer can be 
accomplished at different levels [131]. In one approach, the 
tumour cell can be targeted at the level of transduction to 
achieve the selective delivery of the therapeutic gene. This 
involves the derivation of a vector that binds selectively to the 
target cancer cell. Alternatively, the therapeutic gene can be 
placed under the control of nunour-specific transcriptional 
regulatory sequences that are activated in tumour cells but 
not in normal cells and, therefore, target expression selec- 
tively to the tumour cell. In addition, targeted cancer gene 
therapy can exploit the unique physiology of solid mmours. 

Transductional targeting. The ability to alter the binding 
tropism of viral vectors is based on an understanding of the 
basic biology of viral entry. In this regard, attempts to modify 
the tropism of adenoviral vectors have been facilitated by the 
fact that the entry of adenoviruses into susceptible cells requires 
two sequential steps involving the interaction of two distinct 
viral capsid proteins with specific receptors on the surface of the 
target cell. The initial hi^Ji affinity binding of the adenovirus to 
the primary cellular receptor (designated the coxsackievirus and 
adenovirus receptor, CAR [132, 133], occurs via the carboxy- 
terminal knob domain of the fibre [134, 135]. The next step 
in infection is intemalisation of the virioi. by receptor-medi- 
ated endocytosis potentiated by the interaction of Arg-Gly- 
Asp (ROD) peptide sequences in the penton base with sec- 
ondary host cell receptors, integrins iXy^ and a^P, [136, 137]. 
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Therefore, strategies to alter adenoviral tropistn are based 
on modification of the viral capsid proteins, fibre and penton 
base, to permit the recognition of alternative cell-specific 
receptors. To this end, we have shown that it is possible to 
redirect adenoviral infection by employing the Fab fragment 
of a neutralising anti-knob monoclonal antibody (MAb) 
chemically conjugated to a cell-specific ligand [138-144]. 
When complexed with preformed adenoviral vector ijardcles, 
the bispedfic conjugate simultaneously ablates endogenous 
viral tropism and introduces novel tropism, thereby resulting 
in a truly targeted adenoviral vector. We have employed a 
number of targedng Ugands, including folate, basic fibroblast 
growth factor, and an andbody directed against the epi- 
dermal growth faaor receptor. In this manner, we have 
demonstrated that tropism-modified adenoviral vectors can 
infect cells that are refi^ctory to transduction by the native 
vector; that tropism-modified adenoviral vectors can 
enhance gene transfer to target cells; and that this enhance- 
ment in infection can be translated into a therapeutic benefit 
in vivo. Wickham and colleagues have similarly retargeted 
adenoviral vectors by means of bispecific antibodies, in this 
case comprising a MAb to an epitope engineered in the 
penton base and a MAb to a cell surface receptor [145, 146]. 
However, this approach to the generation of tropism-mod- 
ified adenoviral vectors suffers fi-om a number of limitations. 
In particular, since the targeting ligand is not covalendy 
coupled to the adenovirus particle, there is the potential for 
the bispecific conjugate to become dissociated fix>m the 

The drawbacks inherent in any strategy to redirect adeno- 
virus tropism by complexing the vector particles with bispe- 
cific targeting conjugates could be avoided by the direct 
genetic engineering of the viral capsid proteins to contain 
cell-targeting ligands. In this regard, the carboxy terminus of 
the adenovirus fibre protein can be modified to incorporate 
targeting motifs with specificity for cellular receptors [147- 
150]. In an alternative approach, it has also been reported 
that targeting ligands can be incorporated within the so-called 
HI loop of the fibre knob [101,151]. Adenoviral vectors 
which have been engineered to incorporate either a polylysine 
motif at the carboxy terminus of the fibre [147, 150] or an 
RGD motif at the carboxy terminus [149] or in the HI loop 
[101] have demonstrated significandy enhanced infection of 
cancer cell fines and primary tumour cells which express low 
levels of the primary adenovirus receptor. Thus, these genetic 
modifications to the fibre protein have resulted in expanded 
tropism by successfully redirecting adenovirus binding to 
alternative cellular receptors. 

The next challenge in this field will be to employ genetic 
methods to engineer adenoviral vectors with specificity for a 
single target cell type. In addition to recognising novel 
receptors, such vectors should also lack the ability to bind to 
the native primary adenovirus receptor. This could be 
accomplished by site-directed mutagenesis of the fibre knob 
domain to eliminate the cell-binding site. An important con- 
sequence of the ablation of native adenovirus tropism is that 
it will not be possible to propagate these vectors on standard 
cell lines that express the fibre receptor. However, we have 
recently developed a novel artificial primary receptor that can 
be recognised by adenovirus veaors ±at fail to bind the 
native fibre receptor [152]. This technology should be useful 
in the propagation of genetically modified, truly targeted 
adenoviral vectors. 


In contrast to adenoviruses, retroviruses employ a single 
envelope glycoprotein to accomplish both binding to the cel- 
lular receptor and the subsequent step of membrane fusion. 
As a consequence, modification of retroviral tropism has 
proven problematic, with few reports of modified envelope 
proteins which retain these two functions of binding and 
fusion [153]. A niunber of molecules, including single-chain 
antibodies, growth fa^,.ors and cytokines, can be genetically 
incorporated into the retroviral envelope glycoprotein, 
whereupon they confer novel binding specificities into the 
engineered viral particles. However, some of these surface 
displayed polypeptides failed to mediate retroviral infection; 
rather, they proved inhibitory to gene delivery by the mod- 
ified vectors. In an elegant approach to overcome this obsta- 
cle, Russell has incorporated a protease cleavage site into the 
design of the retargeted vector. Thus, upon contact with 
proteases expressed on the surface of the target cell, the inhi- 
bitory polypeptide is cleaved fi-om the viral surface, thereby 
restoring infectivity. To date, tropism-modified retroviral 
vectors have suffered from significandy lower viral titres than 
the parental vectors and it is therefore not yet proven possible 
to employ targeted retroviruses in vivo. 

A key factor in any transducdonal targeting scheme is the 
availability of appropriate specific molecules on the target 
cells that can be exploited. To date, a somewhat restricted 
range of targeting moieties have been chosen either for proof 
of principle or for their ability to bind to the relatively short 
list of previously identified cellular receptors. However, a 
number of groups have described systems which fundamen- 
tally share the similarity of examining libraries of peptides 
displayed on the surface of bacteriophage for their ability to 
bind to specific cell types, both in vitro and in vivo [154,1 55] . 
Thus, a powerful new technology has been developed which 
allows the rapid isolation and screening of potential tumour- 
specific ligands, writhout requiring that the target of the ligand 
be identified. TTiis approach should, therefore, prove to be a 
high throu^put method to permit the derivation of trans- 
ductionally targeted vectors for cancer gene therapy. 

Transcriptional targeting. Transcripti onal targeting has found 
wide application in the area of molecular chemotherapy 
where mmour- or tissue-specific regulatory sequences have 
been employed to restrict expression of the prodrug-convert- 
ing enzyme specifically to the target cancer cells. For exam- 
ple, transcriptionally targeted adenoviral vectors expressing 
toxin genes under the control of the tumour-specific alpha- 
fetoprotein promoter have been employed in molecular chemo- 
therapy approaches to hepatocellular carcinoma [156,157]. 
The selective expression of the therapeutic gene in the target 
hepatomas suggests that transcriptionally targeted adenoviral 
vectors would be of clinical utility in other diseases. However, 
it has been reported that certain tumour-specific regulatory 
elements lose their specificity in the context of an adenoviral 
vector. Further limitations come from the prohibitively large 
size of many regulatory sequences, which exceed the capacity 
of certain current vectors. However, novel gene transfer sys- 
tems with larger capacity are being developed and could be 
employed to overcome this limitation — these vectors include 
gudess adenoviral vectors [158] and reviewed in [117] and 
recombinant herpes virus [159]. 

To date, targeted gene therapy has been attempted by 
employing either transductionai targeting or transcriptional 
targeting alone. However, it should be possible to enhance the 
overall level of specificity by combining the complementary 
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approaches of transductional and transcriptional targeting, 
each of which might be imperfect or 'leaky' by itself [131] . 

Targeting strategies exploiting tumour physiology. As descri- 
bed above, current approaches to targeted gene therapy for 
cancer have exploited cellular and molecular differences 
between normal and malignant cells. However, the physiol- 
ogy of solid tumours at the micro-environmental level pro- 
vides a unique and selective target for cancer treatment 
[160, 161]. The regions of hypoxia and necrosis within solid 
tumours present opportunities for targeted, tumour-selective 
gene therapy. For example, the hypoxic environment of solid 
timiours provides a selective means to control gene tran- 
scription based on lower oxygen levels compared with normal 
tissues. Gene therapy strategies activated by hypoxia could 
include the transcriptional control of a prodrug-activating 
enzyme by a hypoxia-responsive element. Of course, this 
approach will still require a means of delivering the constructs 
specifically to the tiunours. Gene therapy strategies could 
similarly be designed to exploit tumour necrosis. In this 
regard, certain species of anaerobic bacteria of the genus 
Clostridium can selectively germinate and grow in hypoxic/ 
necrotic regions of solid tumours after i.v. injection of spores 
[162]. Thus, it might prove possible to exploit Clostridia as 
gene therapy veaors engineered to express therapeutic genes, 
e.g. a prodrug-activating enzyme. 

Modulation of the bystander effect. Limitations of current 
vectors preclude direct genetic modification of a significant 
proportion of malignant cells in tumours. It is, therefore, of 
paramount importance for obtaining clinically relevant results 
to extend the effects of therapeutic gene expression fi^om the 
transduced cells to neighbour non-modified cells. Several 
manoeuvres may be imdertaken to extend the magnitude of 
this required bystander effect. First, survival of genetically 
modified cells can be prolonged. By doing this, modified cells 
can sustain longer the expression of the therapeutic gene, 
thus enhancing the exposure of bystander cells to its protein 
product. For example, the expression of the cydin-dependent 
kinase inhibitor p27 inhibits DNA synthesis and, thus, ren- 
ders the cells resistant to concomitant herpes simplex virus 
thymidine kinase/ganciclovir (HSV-t^/GCV) treatment. 
TTiese cells with augmented survival are thus, allowed to 
prolong the time during which they can pump out cytotoxic 
metabolites, and hence the bystander effect is increased 
[163]. However, this intervention should not compromise the 
capacity for eradication of the genetically modified cells, 
which could dangerously equate this strategy to the genetic 
induction of resistance to treatment. Second, the definition of 
the molecular basis of the bystander effect allows novel 
interventions to increase direcdy its magnitude. The inter- 
cellular gap junctions, for instance, are knovra to mediate at 
least in part the bystander effect of HSV-£*/GCV treatment. 
Retinoic acid and the drugs apigenin and lovastatin up- 
regulate the function of the gap junctions, and have recendy 
been shown to increase considerably the killing effect of 
HSV-ofe/GCV both in vitro and in vivo [164,165]. Con- 
ceivably, genes that encode gap junction molecules can also 
be transferred into tumour cells for increasing the bystander 
effect TTiird, it is possible to employ therapeutic genes that 
can be secreted and exert their function in an autocrine and 
paracrine manner, thus extending regionally their effects 
against the tumour or its supporting stroma. For instance, the 
secretion of a soluble receptor for an essential angiogenesis 
factor can compete regionally for the natural receptor. This 


blockade limits binding of the angiogenic growth factor to the 
natural receptor, and consequendy restricts the development 
of the tumour vasculature, thus leading to tumour suppres- 
sion [23, 24]. There is, therefore, accumulating evidence that 
the modulation of the bystander effect can regionally amplify 
the effects of therapeutic gene transfer, and can contribute to 
overcoming the limitations of current vector systems. 

Cellular vehicles. Vectors with the capacity for targeted 
systemic gene delivery have not been available, and this fact 
has limited the overall efficacy of gene therapy in cancer, 
including molecular chemotherapy strategies. As an alter- 
native to viral and other nonviral vectors, cells have been 
employed for gene delivery. In this approach, the cells are 
removed from the body and therapeutic genes are transferred 
into them extracorporally, followed by autologous re-implant- 
ation into the patient. In this manner, the genetically mod- 
ified cell becomes itself the ultimate vector for gene delivery. 
Examples of primary cells commonly used in this context, so- 
called 'cellular vehicles', are T lymphocytes, hepatocytes, and 
fibroblasts. 

For application of cell vehicles in the context of dis- 
seminated diseases, a cellular vector should possess the attri- 
butes of systemic distribution and appropriate tropism, and 
should be readily available. In this regard, circulating endo- 
thelial progenitors have recently been described [166, 167]. 
Phenot5rpicaIly, these cells are characterised by the expression 
of the cellular surface markers CD34 and Flk-1, a receptor 
for vascular endothelial growth factor. A very intriguing 
aspect of their behaviour, originally described in animal 
models of limb ischaemia, is their capacity to localise into 
areas of angiogenesis after their systemic administration. A 
variety of genes could conceivably be introduced in these 
cells, and e^qjression of genetic payloads could be obtained in 
the environment where these cells ultimately localise. A loco- 
regional effect subsequent to the expression of the therapeutic 
gene would thus be achieved in areas otherwise poorly acces- 
sible to gene transfer. Therefore, endothelial progenitors may 
represent a novel cellular vector approach with unique fea- 
tures, based on their capacity for systemic circulation and 
their peculiarly advantageous natural tropism to areas of 
active angiogenesis. To be exploitable in a gene therapy con- 
text, however, it is critical for these endothelial progenitors to 
be primarily amenable to efficient and safe genetic modifica- 
tion for delivery of the payload therapeutic genes. Unfortu- 
nately, genetic modification of human and non-human 
primate CD34* cells with a variety of viral vectors has been 
persistendy hampered by very low efficiency. Efforts are cur- 
rentiy undergoing in several laboratories, including ours, to 
improve gene transfer into CD34* cells without unduly 
compromising their phenotype and function by using novel 
vectors ex vivo, and for evaluating the potential of endothelial 
progenitors for systemic gene delivery into metastatic cancer. 

In addition to autologous cells, gene therapy based on 
genetic modification of non-autologous cells has been 
attempted. Protection within immuno-isolating devices 
would allow implantation of well-established recombinant 
cell lines in different hosts, offering a cost-effective approach 
to gene therapy of cancer when long-term treatment is 
required [168]. 

Genetic immunopotentiation to break immune tolerance to tumours 
Cancer immunotherapy is yet to be realised as a thera- 
peutic approach in the oncologist's armamentarium. New 
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ways to consider the immune response against tumours ate 
probably needed if gene transfer is going to be applied in a 
clinically relevant way. Novel gene therapy approaches that 
exploit the accumulating knowledge on cytokines and cells 
involved in the immune response are mounting. They have 
been reviewed extensively (169, 170]. We would rather first 
emphasise a novel concepmal framework developed in recent 
years that can offer new insights on the entire approach of 
cancer immunotherapy. Secondly, we will focus on gene 
therapy strategies that, within this theoretical framework, 
seem particularly apt for offering useful biological informa- 
tion and therapeutic potential. 

Danger versus tolerance. The classical paradigm of tumour 
immimology considers the responses of the immune system 
to follow a model of discrimination between 'self and 'non- 
selF antigens. According to this paradigm, cancers, as 
microbes, are 'non self and a major function of the immune 
system is to seek out and destroy new cancers as they arise. 
The practical corollary has been a very intense effort to 
develop tumour 'vaccines'. However, an alternative theore- 
tical model has been proposed by Polly Matzinger to explain 
and modulate the relationship between the immime system 
and a genetic disease [171]. In this view, termed the 'danger' 
model, the need to defend the organism against exogenous 
lethal pathogens and the need to avoid lethal auto-immunity 
are equally balanced. According to this new paradigm, to 
avoid auto-immunity the default reaction of T cells to anti- 
gens on non-haematopoietic tissues is tolerance, and it is the 
role of the antigen-presenting cells to detect and report to T 
cells situations of dangerous tissue distress (for instance, the 
beginning of either an inflammatory reaction or tissue 
damage) that are worth its activation into cytotoxic T cells 
[84, 172]. If tissue cells normally induce tolerance in suscep- 
tible T cells, it is predicted that the default immune response to 
tumour antigens occurring in those tissues is tolerance as weU. 

This model can change the emphasis applied in certain 
immunotherapy strategies. In the classical model, importance 
is given to the identification of tumour antigens and elabora- 
tion of vaccines based on these antigens. Furthermore, it is 
expeaed that once activated, the immune response against 
cells bearing tiunour antigens will proceed until their com- 
plete elimination. In contrast, the danger model would sug- 
gest potentially more relevant new goals such as the 
orchestration of inflammatory processes in tumour foci, the 
activation of dendritic cells and other antigen presenting cells, 
and the direction of T lymphocytes towards the tumour. In 
other words, the aim should be to recruit not only the adap- 
tive immune response but also and most importantly the cells 
(macrophages, neutrophils, NK cells) and mediators (cyto- 
kines, chemokines) of the innate immune system [84] that 
establish die immune response in the context of activating 
'danger', and make it distinct from tolerogenic immune 
responses. Importandy, these manoeuvers, including vacci- 
nation, should be maintained until elimination of the tumour 
to avoid its default tolerogenic effects. 

Polynucleotide immunisation. Pursuant to the successful 
application of the strategies of mutation compensation and 
molecular chemotherapy, obtaining vector targeting and 
amplification is a critical goal. In contrast, for some genetic 
immunopotentiation strategies, it may appear that a sophisti- 
cated vector is not absolutely needed to facilitate the other- 
wise inefficient transfer of DNA into tumour or immune 
system cells. 


The possibility exists for eliciting potent, prolonged, and 
specific immune responses through the intramuscular injec- 
tion of fragments of nucleic acid encoding tumour-associated 
antigens (173, 174]. This so-called 'polynucleotide immimi- 
sation' (PNI) approach offers several advanuges with respect 
to classic protein immunisation. First, synthesis of the antigen 
(or antigens) in eukaryodc ceUs in vivo is more likely to result 
in a protein that is correcdy folded and writh its antigenic 
domains adequately presented. Second, PNI elicits a CDS * 
cytotoxic T lymphocyte response in addition to a humoral 
response. Third, long term expression of the encoded antigen 
may favour long-lived immunity. Of note, the danger model 
would recommend that, to avoid toleration, repetitive immu- 
nisations that involve local inflammatory responses should be 
administered to keep the association between danger signals 
and the encoded antigens. Fourth, several nucleotides could 
easily be combined for induction of responses against multi- 
ple relevant antigens. FifUi, safety concerns related to virus- 
derived or cell derived vaccines are obviated. Sixth, manu- 
facturing and use of recombinant DNA may have economical 
and logistic advantages with respect to standard vaccines. 
Polynucleotides in the form of both DNA and RNA can be 
used. For example, plasmid DNA encoding carcinoem- 
bryonic antigen, a non -transforming tumour-associated anti- 
gen, has shown prolonged humoral and lympho-proliferative 
responses in non-human primates [174], and is being tested 
in a clinical protocol for colorectal cancer patients. Trans- 
forming tumour-associated antigens, such as erbB-2, may be 
encoded by RNA constructs that avoid the risk of integration 
of a potentially oncogenic sequence and are expressed only 
transiendy. Once the antigen is expressed in myofibres, its 
presentation to the effector cells follows an unknown path- 
way, but is known to induce antibody production, T cell 
proliferation, lymphokine release, generation of CTL, and 
delayed hypersensitivity reactions. Importandy, encouraging 
results in animal models have been followed by clinical trials 
for both immune protection and therapeutic applications. 
Although timiours are antigenically heterogeneous, the 
hypothesis is that immune responses against the polynucleo- 
tide-encoded antigens can break immune tolerance for the 
tumour via a single epitope, which, in turn, would alert the 
immune sjrstem to the existence of the tumour as a foreign 
entity, provoking a systemic response. 

Enhanced antigen presentation by genetically modified 
dendritic cells. As we reviewed above, most tumours are 
ignored by the immune system. Thus, mmour antigen-spe- 
cific T lymphocytes, which are certainly present in the 
immune repertoire, are not activated and migrate systemically 
without showing any special tropism towards its cognate 
antigens present in the tumour sites. This has been pardy 
attributed to a lack of activation and antigen presentation by 
dendritic cells (DCs) in mmours [175,176]. Indeed, DCs 
infiltrating several tumours lack B7-1 and B7-2 molecules, 
which reveals a non-stimulatory status and impedes the 
encounter by T lymphocytes of the required 'signal 2' on 
DCs for antigen-specific activation. However, when auto- 
logous DCs are expanded and exposed ex vivo to tumour 
antigens and these DCs are then reinfiised, activation of 
tumour-specific cytotoxic T lymphocytes ensues. In animal 
models, this intervention achieves a protective effect against 
subsequent exposure to tumours and also can induce a ther- 
apeutic effect in tumours already present [1 75]. This strategy 
is currendy being explored in patients (177]. 
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Miiltiple vectors are being tested for delivering tumour 
antigens into DCs, including viral vectors, naked DNA, 
RNA, tumour lysates, and peptides (178, 179]. It is possible 
that methods that maximise exposure of DCs to a variety of 
tumour antigens may have an advantage by overcoming the 
expeaed emergence of antigen-loss variants as well as natural 
immunovariation of tumours [180]. Importantly, fusion of 
DCs and tumour cells have also shown the capacity to revert 
established immune tolerance [181]. This concept has been 
tested in transgenic animals tolerant to the antigen MUCl, 
and refractory to vaccination with irradiated MUC-1 positive 
cells. Immimisation with the dendritic cell fusion that express 
MUCl restdted in the rejection of established metastases and 
there was no apparent autoimmunity against normal tissues. 
These findings demonstrate that tolerance to tumour-asso- 
ciated antigens can be reversed, and suggest that immunisa- 
tion with hybrids of dendritic and carcinoma cells may be a 
powerful methodology for whole cell vaccination against 
cancer. 

Reversal of tumour-induced immunosuppression. DCs are 
conceived as a powerful way to stimulate tumour-specific T 
cells. It may be, however, that a robust generadon of such 
cytotoxic T cells is not enough for rejecting established 
tumours, as has been shown in elegant animal models [182]. 
Indeed, this can be predicted from the anatomy of the T cell 
response, whereby it is cridcal not only for DCs to uptake 
tumour antigens in the tumour site, mature and migrate to 
lymph nodes, and present anugens to T lymphocytes. But it 
is additionally needed for sumulated antigen-specific T lym- 
phocytes to home assertively into the possibly widespread 
tumour sites, and keep their activation and proliferation 
therein, despite numerous immunosuppressive signals. Fur- 
ther strategies may be needed, therefore, for (1) attracting 
and activating the tumour-specific T cells into various 
tumour sites [183, 184]; (2) inhibiting the local production of 
immunosuppressive molecides, such as TGF beta [185], 
interleuldn-lO, VEGF, and fas ligand; and (3) counteracting 
the antigen variation and down-regulation of antigen pre- 
sentation. It can be concluded that a systematic intervention 
with multiple targets at the different pathophysiological levels 
mentioned seems a reasonable programme to achieve a 
meaningful antitumour immune response. 

CONCLUSION 

The delineation of the molecular basis of cancer allows the 
possibility of specific intervention at the molecular level for 
therapeutic purposes. To this end, three main approaches 
have been developed: mutation compensation, molecular 
chemotherapy, and genetic immunopotentiation. For each of 
these conceptual approaches, human clinical protocols have 
entered testing in phases I and II to assess dose escalation, 
safety and toxicity issues, and more recentiy to evaluate 
efficacy, respectively. However, major problems remain to 
be solved before these approaches can become effective 
and common place strategies for cancer. Principle among 
these is the basic ability to deliver therapeutic genes quanti- 
tatively, and specifically, not only into tumour cells but also 
into tumour-supporting tissues and effector cells of the 
immune system. As vector technology fulfils these stringent 
requirements, it is anticipated that the promising results 
already observed in pre-clinical studies will translate quickly 
into the clinic for amelioration of life-threatening malignant 
diseases. 
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Viewpoint: Are Studies in Genetically Altered Mice 
Out of Control? 

Curt D. Sigraund 

Abstract — ^Because the use of transgenic and gene-targeted models has increased in popularity, the number of reports 
describing unpredictable phenotypic effects caused by variation in the genetic background used to generate or propagate 
these models has steadily increased. There are now many examples in which animals containing the same exact genetic 
manipulation exhibit profoundly different phenotypes when present on diverse genetic backgroimds, demonstrating that 
genes unrelated, per se, to the ones being targeted can play a significant role in the observed phenotype. Herein, I will 
discuss (1) the source of genetic variability in mutant mouse models, (2) the appropriateness of using inbred mice as 
controls, and (3) strategies to help minimize genetic variation between experimental and control mice. {Arterioscler 
Thromb Vase Biol. 2000;20:1425-1429.) 

Key Words: transgenic mice ■ knockout mice ■ genetics ■ epigenetic 


It is well documented that many physiological parameters in 
mammals are genetically determined. Therefore, it should 
not come as a surprise that many of the phenotypes examined 
in transgenic and knockout models are influenced by the 
genetic background in which they are studied. Genetic 
background is the collection of all genes present in an 
organism that influences a trait or traits. These genes may be 
part of the same biochemical or signaling pathway or of an 
opposing pathway or may appear unrelated to the gene being 
studied. Although all mouse strains contain the same collec- 
tion of genes, it is allelic variation (sequence differences) and 
the interactions between allelic variants that influence a 
particular phenotype. These "epigenetic" effects can dramat- 
ically alter the observed phenotype and therefore can influ- 
ence or alter the conclusions drawn from experiments. 

Studies performed over the past few years have clearly 
illustrated that phenotypes caused by specific genetic modi- 
fications are strongly influenced by genes imlinked to the 
target locus. For example, whereas deletion of the p53 tumor 
suppressor gene causes a dramatic increase in the frequency 
of tumor formation in those mice compared with wild-type 
mice, the types of tumors formed, their numbers per animal, 
and age of tumor onset vary in different genetic back- 
grounds.'-^ Other phenotypes observed in transgenic and 
gene-targeted animals influenced by genetic background 
include ethanol tolerance, sepsis, immunity, locomotor activ- 
ity, behavior, organ structure, development, and cardiovascu- 
lar physiology (Table). As examples of the latter, the inci- 
dence of stroke in mice deficient in tissue plasminogen 
activator and susceptibility to atherosclerosis in apoE- 


deficient mice differ when the knockout loci are present on 
C57BL/6, 129/Sv, or FVB/N backgrounds.^ '^ 

On a positive note, phenotypic differences caused by allelic 
variation outside the target locus can provide a molecular 
genetic tool to identify and clone "modifier genes," which 
influence a phenotype." However, as stated above, these 
differences can cause significant problems when interpreting 
and comparing the results of transgenic and knockout smdies 
between laboratories. 

The Problem 

At the heart of the problem is genetic heterogeneity among 
strains used to generate transgenic and knockout mice. It is 
generally acknowledged that it is easier and more efficient to 
generate transgenic mice by using hybrid strains derived from 
2 different genetic backgrounds. Presumably, this is because 
hybrid strains exhibit superior reproductive performance, are 
easier to superovulate, and have higher quality embryos for 
microinjection, a phenomenon referred to as "hybrid vig- 
or."'*-" Because of this, many transgenic laboratories use 
embryos derived from crosses of C57BL/6XSJL (B6SJL) 
or C57BL/6XDBA/2 (B6D2), among other combinations. 
When hybrid strains are used, each transgenic founder is 
genetically different from every other founder. This leaves 
the investigator with a choice of either continuing to breed 
their transgenic mice with hybrid strains to propagate the 
lines or, in cases in which genetic background issues are 
recognized and likely to be important, to generate congenic 
strains (defined below) by successive backcross breeding to 1 
inbred strain, typically C57BL/6. Less frequently used are 
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Phenotypes Exhibiting Genetic Background Effects in Knockout and Transgenic IVIice 


Genetic Alteration 


iVlouse Strains Tested 


Tumor incidence 


Ethanol tolerance 


Sepsis 

Locomotor activity 


Forebrain staicture 
Stroke 

Renal development 


T antigen transgenic 
p53 knockout 
p53 knockout 
WAP-ras transgenic 
Tsc2 knockout 
PKCy knockout 
ApoE knockout 
lL-4 knockout 
02R knockout 

/3APP knockout 

/3APP knockout 
tPA knockout 
AT1AR knockout 
AGT knockout 
EGFR knockout 


C57BL/6, C57BL/6XN2W 
129/Sv, C57BLy6x129/Sv 
VM, C57BI76X 129/Sv 
FVB/N, SJL, 0578176, GDI 
Black Swiss, 1 29/SvJae 
C57BL/6X 129/Sv, C57BU6 
FVB/N, C57BLy6 
129/Sv, C57BI76 
129/SvEvxC57/BL6 
129/SvEv, C57BL/6 
129/Sv, CSTBL/e 
129SVXC57BL/6 
C57BL/6, 129/SvEv 
C57BL/6X 129/Sv, 0578176 
129/Sv, C57BL/6, 129Svx057BU6 
C57BI76XCBA, C57B176 
129/Sv, CD-I 


\, tissue plasminogen activator; and EGFR, epidermal growth 


transgenic mice generated directly on inbred strains. The 
inbred FVB/N strain is used by some laboratories because it 
exhibits excellent reproductive performance, it has large 
litters, and the 1-cell fertilized embryos have prominent and 
easily injectable pronuclei." One limitation is that it is 
genetically distinct from the C57BL/6 strain, which is used by 
many investigators. 

A second issue specifically related to transgenic mice (but 
not gene-targeted mice) is the position effect. Because of the 
random nature of the transgene insertion event after pro- 
nuclear injection, each resultant founder contains the trans- 
gene at a different site in the genome. These position effects 
can profoundly influence transgene expression and, therefore, 
the observed phenotype.^"'^' This occurs because transcrip- 
tional regulatory elements present at or near the site of 
insertion (controlling the expression of a nearby gene or gene 
cluster) could impart new instructions on the transgene. 
Consequently, it is essential that several independent lines of 
mice, derived from founders with different insertion sites, are 
examined before a conclusion relating a phenotype to a 
specific pattern of transgene expression is made. 

When performing gene targeting in embryonic stem (ES) 
cells, position effects are essentially eliminated but not the 
effects caused by genetic variability. As in the transgenic 
experiments, this results from the generation of hybrid 
strains. Most commonly used ES cell lines are derived from 
strain 129, and a number of 129 substrains are in existence 
(129/Sv, 129/SvEv, and 129/Ola), further complicating the 
scenario. As mentioned above, hybrid vigor has been reported 
for the viability of ES cell lines.^^ Although many (but not all) 
ES cell lines are themselves inbred, most investigators report 
that the 1 29 strain exhibits poorer reproductive performance 
than other inbred strains and also exhibits other abnormali- 
ties, including development of teratocarcinoma. This has 
prompted most investigators to breed their chimeras to 


C57BL/6, thus generating a hybrid mouse that is heterozy- 
gous (+/-) at the target locus and an F, between C57BL/ 
6X129 at all other loci. The Fi mice are all genetically 
identical because they inherit 1 chromosomal complement 
each from the 129 and C57BL/6 strains. However, when they 
are intercrossed to generate a mouse homozygous (— /— ) for 
the target locus, the resultant offspring become an F2 of the 
parent strains. Therefore, whether wild-type, heterozygous, or 
homozygous for the target locus, the offspring have a random 
mix of 129 or C57BL/6 chromosomal DNA throughout the 
genome. The maintenance of a strain homozygous at the 
target locus by continuous inbreeding of these F2 mice can 
eventually select for phenotypic changes because loci causing 
deleterious effects are lost, and those providing a survival 
advantage are retained. Consequently, maintenance of the 
targeted locus in this maimer is not recommended. Therefore, 
investigators are again left with the option to retain the mixed 
genetic background of the strains or to generate congenic 
strains. 

Further complicating this problem has been the marked 
increase in the generation of double-knockout strains and the 
combinatorial use of knockout and transgenic rescue. In the 
latter, transgenes expressed either systemically or tissue- 
specifically are transferred into a knockout mouse to rescue 
some altered phenotype (often lethality).^^ Moreover, the 
development of inducible transgenes and methods using the 
cre-loxP recombinase system to generate cell-specific knock- 
outs will necessitate the introduction of multiple transgenes 
into a single genetic background. Clearly, it will become 
important to avoid the creation of a mixed genetic back- 
ground so complex as to preclude any reasonable use of 
controls and prevent replication by other investigators. 

Effective Experimental Strategies 

Clearly, when transgenic and gene-targeting experiments are 
designed, the ideal situation would have control mice that are 
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Figure 1. Generation of a congenic strain. A schematic repre- 
sentation of tiie cliromosomal content in tlie generation of a 
congenic strain is sliown. The 129 chromosomes are red, and 
the C57Bl_/6 chromosomes are blue. A targeted modification 
induced in ES cells is shown as a solid block box. Only 3 chro- 
mosomes are shown for simplicity. The top left Illustrates a het- 
erozygous knockout after germ-line transmission through a chi- 
mera. This mouse is heterozygous at the target locus, with an F, 
between 1 29 and C57BI_/6 at all loci. To generate the congenic 
strain, the F, is successively backcrossed to a C57BI_/6 mouse 
(all blue), and the targeted locus is selected in all offspring. The 
129 genome is progressively diluted in each backcross because 
of the random assortment of chromosomes and homologous 
recombination. After 6 generations of backcross breeding, the 
resultant offspring are >99% C57BU6 except for the region sur- 
rounding the targeted modification, which remains derived from 
the 1 29 strain. 

genetically identical to the experimental mice. The use of 
isogenic strains differing only in the presence or absence of 
the target locus would be the "gold standard." However, this 
can only be achieved if inbred mice are used for the 
generation of experimental models. Therefore, whenever 
possible, inbred strains should be used as the choice of 
controls becomes obvious. As discussed above, when this is 
not a practical or feasible option, the next best alternative is 
to develop a program of continuous inbreeding to a common 
strain, thus generating congenic mice. A congenic strain is 
one that is genetically identical to a control strain except for 
a single region of 1 chromosome (Figure 1). In the context of 
this discussion, this refers either to the target locus or the 
inserted transgene. The generation of congenic strains also 
provides an opportunity to place the target locus on a number 
of different genetic backgrounds and thus directly test for 
strain-specific modifier loci. 

Although the generation of congenic mice is simple, 
requiring only accurate record keeping, it can be time- 
consuming and expensive, especially when multiple lines 
must be developed. Six generations of backcross breeding (2 
years) is required before the genetic backgrounds are statis- 
tically >99% homogeneous, and the return on additional 
generations of backcross breeding markedly diminishes 
thereafter. For example, it requires 4 additional generations to 
increase genetic homogeneity from 99.2% to 99.95%. The 
use of a speed-congenic approach or a combination of in vitro 



Figure 2. Comparison between experimental and control 
strains. A schematic diagram of the chromosomal content 
between experimental (A) and control strains (B and C) is 
shown. The experimental mouse Is homozygous for the targeted 
disruption (solid black box) and is a 0576176 (blue) congenic 
strain. A small amount of 129 genomic DNA (red) upstream and 
downstream from the target locus remains. A C57BL76 inbred 
mouse (B) Is blue at all loci, and although it lacks the targeted 
modification, it also lacks the 129 DNA linked to the disruption. 
The ideal control (C) would be a 0576176 congenic strain with a 
similar extent of 1 29 DNA as shown in panel A. 

fertilization and prepubertal superovulation can be used to 
decrease the time needed to generate congenic strains. ^''•^^ 
The speed-congenic approach makes use of the well- 
developed genetic map of the mouse, thus affording an 
opportimity to screen the DNA of each offspring generated 
along the route toward congenic production to select for mice 
containing markers from the appropriate genetic background 
at the target locus and elsewhere.^*'^'' Those mice that are 
"further" along in congenic development than expected, on 
the basis of random segregation alone, can be selected by this 
process for further breeding. 

After a C57BL/6 congenic knockout strain is derived, 
either nontransgenic littermates or age-matched inbred 
C57BL/6 mice should serve as reasonable controls. However, 
it is important for the researcher to appreciate that even this 
scenario has weaknesses. Indeed, 1 limitation of using litter- 
mate or wild-type mice as controls for congenic transgenic 
(or knockout) strains is that some parental genomic DNA 
upstream and downstream from the target locus (129 DNA in 
the case of ES cell-derived gene targeting) remains. By use 
of the same example as described above, this occurs because 
as the targeted modification (made in 129 genomic DNA) is 
introgressed into the C57BL/6 strain, the targeted locus and 
therefore 129 DNA in the vicinity of (or linked to) the locus 
will be selected in each backcross generation (Figure 2A). 
The location of the breakpoint between C57BL/6 and 129 
genomic DNA upstream and downstream from the target 
locus will depend on where the recombination between the 2 
genomes occurred. Therefore, nontransgenic littermates and 
wild-type C57BL6 mice will lack the targeted locus and also 
the closely linked 129 genomic DNA (Figiu-e 2B). In some 
cases, this DNA may contain closely linked modifier genes. 
This may be especially critical when examining large gene 
families, which may have members closely clustered in the 
genome. 

Therefore, the optimal conttol would be a congenic control 
strain containing a similar amount of foreign genomic infor- 
mation around the target locus but lacking the targeted 
modification itself (Figure 2C). Absolutely identical congenic 
strains caimot be generated. However, similarities between 
control and experimental strains can be maximized by taking 
advantage of the dense genetic map of the mouse and the 
thousands of polymorphic microsatellite markers distributed 
throughout the mouse genome.^* For example, control mice 
can be selected that contain C57BL/6-specific markers 
throughout the genome except in the region of the target 
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locus, where 129-specific markers would be selected. These 
mice can then be propagated to generate a control congenic 
strain that is similar to the experimental mouse but lacks the 
targeted ES cell-induced modification. 

Of course, we must recognize that from a practical 
standpoint, circumstances will often dictate assessing the 
phenotype of a knockout mouse long before a congenic 
strain can be generated. If these mice were derived from 
129 ES cells and the chimera was bred to C57BL/6, it is 
predictable that each mouse, while containing the same 
targeted modification of the genome, will be genetically 
different at all other loci because of random segregation 
and recombination in the generation. In this case, it 
would be inappropriate to use either inbred C57BL/6 or 
129 mice solely as controls. Instead, wild-type or heterozy- 
gous littermates from the same breedings should be in- 
cluded as well. The use of littermates would help minimize 
environmental variability in such experiments. Moreover, 
larger numbers of mice should be examined to ensure that 
the range of phenotypes possible due to epigenetic inter- 
actions with the genetic background is observed. Although 
not genetically identical, when examined as a population, 
the experimental and control groups could be considered 
"genetically similar." Once the phenotypes are assessed, it 
would be prudent to generate congenic strains and reex- 
amine the phenotype in the resultant animals. 

Guidelines 

Until such time as a standardized mouse strain exists that 
facilitates easy generation of transgenic and knockout 
mice, the debate over the proper use of experimental and 
control mice will continue. There are no easy solutions to 
this problem. As illustrated above, in the absence of inbred 
strains, there is no optimal set of experimental and control 
conditions that normalizes the epigenetic effects of un- 
linked loci. Therefore, it becomes the responsibility of the 
investigator to use common sense and design the best 
possible control experiments that fit the individual situa- 
tion, to assess whether the phenotype observed in their 
model is due specifically to the targeted modification or is 
affected by other loci, and to inform the scientific com- 
munity if phenotypic alterations become evident. The 
geneticists at the Banbury Conference on Genetic Back- 
ground in Mice^' in 1996 established 3 general guiding 
principals for the use of transgenic and gene targeted mice 
in neuroscience. These principals should be applicable to 
all disciplines, and the reader is referred to that article for 
a detailed discussion of options for designing such exper- 
iments.^' Their guidelines state the following: (1) Pub- 
lished reports must include a detailed description of the 
genetic background of the mice studied that is sufficient 
enough to allow replication of the study. (2) The genetic 
background chosen for the studies should not be so 
complex as to preclude replication. (3) Use of common or 
standardized genetic background would facilitate compar- 
ison of experimental results among laboratories. 

Minimally, these guidelines provide a common-sense ap- 
proach that provides the reader with sufficient information to 
understand and potentially replicate reported results and also 
provide a framework to identify the causes of phenotypic 
variation observed in different laboratories. It makes common 


sense to recommend that these guidelines be adopted by all 
researchers using genetically modified mice as models of 
cardiovascular disease until such time as standardized strains 
are used universally. 
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The opinion in support of the decision being entered today was not written for 
publication and is not binding precedent of the Board. 
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Before WINTERS, MILLS, and GRIMES, Administrative Patent Judges 
GRIMES, Administrative Patent Judge . 

REMAND TO THE EXAMINER 
This appeal concerns claims 1-14, 16-20, 26-32, 36, and 37, which the examiner 
has rejected under 35 U.S.C. § 103 as being obvious over certain prior art references. 
We conclude that the examiner's rejection does not rely on the most relevant prior art in 
the record. Therefore, we vacate the rejection on appeal and remand the application to 
the examiner. 


^ Application for patent filed November 27, 1996. The instant application claims the benefit of priority under 
35 U.S.C. § 11 9(e)(1) based on provisional application 60/007,810, filed November 30, 1995. 
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Claim 1 is representative of the subject matter on appeal and reads as follows: 

1 . A method of inhibiting growth of a p53-positive tumor cell in a mammalian 
subject with a solid tumor comprising the steps of: 

(a) providing a viral expression construct comprising a promoter 
functional in eukaryotic cells and a polynucleotide encoding a 
functional p53 polypeptide, wherein said polynucleotide is 
positioned sense to and under the control of said promoter; and 

(b) directly administering said viral expression construct to said tumor 
in vivo , the administration resulting in expression of said functional 
p53 polypeptide in cells of said tumor and inhibition of tumor cell 
growth, 

wherein said tumor comprises cells that express a functional p53 
polypeptide. 

The examiner relies on the following references: 

Bramwell, "The role of chemotherapy in multimodality therapy," Canadian Journal of 
Surgery . Vol. 31, No: 5, pp. 390-396 (1988) 

Cajot et al. (Cajot), "Growth suppression mediated by transfection of p53 in Hut292DM 
human lung cancer cells expressing endogenous wild-type p53 protein," Cancer 
Research . Vol. 52, No. 24, pp. 6956-6960 (1992) 

Liu et al. (Liu), "Grovi^h suppression of human head and neck cancer cells by the 
introduction of a wild-type p53 gene via a recombinant adenovirus," Cancer Research 
Vol. 54, pp. 3662-3667 (1994) 

Wills et al. (Wills), "Development and characterization of recombinant adenoviruses 
encoding human p53 for gene therapy of cancer," Human Gene Therapy . Vol! 5 pp 
1079-1088 (1994) 


Zhang et al. (Zhang), "Gene therapy strategies for cancer," Exp. Qpin. invest Drugs 
Vol. 4, No. 6, pp. 487-514 (1995) 
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In the Final Rejection, the examiner also relied on the following references, 
which were withdrawn in response to a 131 declaration (Paper No. 25, filed November 

9, 1999): 

Katayose et al. (Katayose), "Cytotoxic effects of adenovirus-mediated wild-type p53 
protein expression in normal and tumor mammary epithelial cells," Clinical Cancer 
Research . Vol. 1, pp. 889-897 (August 1995). 

Srivastava et al. (Srivastava), "Recombinant adenovirus vector expressing wild-type 
p53 is a potent inhibitor of prostate cancer cell proliferation," Urology . Vol 46 No 6 
pp. 843-848 (1995). 

Claims 1-14, 16-20, 26-32, 36, and 37 stand rejected under 35 U.S.C. § 103 as 
obvious over the combined disclosures of Cajot, either of Wills or Liu, and either of 
Zhang or Bramwell. 

We vacate and remand. 

Background 

1. Technical Background 

Appellant's specification discloses a method of treating squamous cell 
carcinoma by administering an expression construct encoding the tumor suppressor 
p53. See page 3. The specification states that the "endogenous p53 of the squamous 
cell carcinoma may or may not be mutated." jd The claims on appeal are directed to a 
disclosed embodiment that comprises treating cancer cells in which the endogenous 
p53 is not mutated, i.e., treating p53* tumor cells by administration of a construct which 
expresses p53. 
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Regarding this embodiment, the specification states that 

it has now been observed that p53 gene therapy of cancers may be 
effective regardless of the p53 status of the tumor cell. Surpisingly, 
therapeutic effects have been observed when a viral vector carrying the 
wild-type p53 gene is used to treat a tumor, the cells of which express a 
functional p53 molecule. This result would not have been predicted 
based on the current understanding of how tumor suppressors function. It 
also is surprising given that normal cells, which also express a functional 
p53 molecule, are apparently unaffected by expression of high levels of 
p53 from a viral construct. 

Id. , page 7. 

2. Procedural Background 

In the examiner's Final Office Action, all of the claims on appeal were rejected 
under 35 U.S.C. § 103 as obvious over the combination of Cajot, either of Katayose or 
Srivastava, either of Wills or Liu, and either of Zhang or Bramwell. See Paper No. 17, 
mailed April 12, 1999, page 7. 

In response. Appellant filed a declaration under 37 CFR § 1.131. See Paper No. 
25, filed November 9, 1999. In his declaration, Appellant stated that he had published 
research papers in January 1995 and July 1995 that "reported the Ad-p53 infection of 
cell lines with both mutated and wild-type p53:"^ Paragraph 3. He also stated that he 
understood "that the Examiner in charge of examining the referenced application has 


^ The papers relied on are Liu et ai., "Apoptosis induction mediated by wild-type p53 adenoviral gene 
transfer in squamous celt carcinoma of the head and neck," Cancer Research . Vol. 55, pp. 3117-3122 
(July 15,1 995) and dayman et al., " In vivo molecular therapy with p53 adenovirus for microscopic residual 
head and neck squamous cell carcinoma," Cancer Research , Vol. 55, pp. 1 -6 (January 1 , 1 995). 
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previously taken the position that these papers teach the use of adeno-p53 in the 
therapy of tumors in vivo , including the therapy of p53-positive tumor cells." Id. ^ 

Appellant also stated in his declaration that the 1995 research papers 
"demonstrate that [he] had achieved the subject matter they disclose in the United 
States at least as of their date of publication, the earliest publication date as betv^/een 
the two being January, 1995." Paragraph 4. He also noted that Katayose and 
Srivastava were published after January 1995 and concluded that "[b]ased on the 
earlier publication of [the] two articles referenced above, it is clear that [he] had in [his] 
possession at least equivalent, and indeed more extensive, data than is taught in the 
Katayose and Srivastava references at a time prior to their respective publication 
dates." Paragraph 5. 

In response to the 131 declaration, the examiner withdrew her reliance on 
Katayose and Srivastava. See the Examiner's Answer, page 20. 

Discussion 

1 ■ The rejection on appeal. 

The claims stand rejected as obvious over the combined disclosures of Cajot, 
either of Wills or Liu, and either of Zhang or Bramwell. Cajot teaches transfection of 
human lung cancer cells with a plasmid vector expressing p53. The tumor cells 

^ Appellant cites an "Office Action of 2/17/99" as supporting his position. The file record, however, shows 
no Office Action that was mailed February 17, 1999, although one was mailed February 17, 1998. We 
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(Hut292DM) used by Cajot express endogenous p53. Cajot found that "growth 
suppression [was] induced by high level expression of exogenous wild-type p53 in lung 
cancer cells expressing normal endogenous p53 protein." Page 6956, right hand 
column. Cajot concluded that his "work extends the scope of the potential 
effectiveness of wild-type p53 to control tumor growth to recipient cells that contain no 
apparent defect in endogenous wild-type p53 expression." Page 6959, right-hand 
column. 

As the examiner notes, however, Cajot does not teach " in vivo transduction with 
a viral expression construct encoding p53." Examiner's Answer, page 1 1 . The 
examiner relies on the secondary references to remedy this deficiency. Liu and Wills 
both teach inhibiting the growth of p53~ tumor cells in vivo by administering 
recombinant adenovirus constructs encoding p53. See Liu, page 3662, abstract ("]n 
vivo studies in nude rriice with established s.c. squamous carcinoma nodules showed 
that tumor volumes were significantly reduced in mice that received peritumoral 
infiltration of Ad5CMV-p53."); Wills, page 1079, abstract ("Continued treatment of H69 
tumors with MLP/p53 recombinant led to reduced tumor growth and increased survival 
time.").'' 

understand this 1 998 Office action to be the one referred to by Appellant. 

Zhang and Bramwell are relied on for teaching the treatment of cancer by a combination of two or more 
therapeutic approaches (gene therapy, radiation, chemotherapy, etc.). These references are relevant to 
some of the dependent claims on appeal but are not required for the prima facie case with respect to 
representative claim 1 . 
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The examiner concluded that it would have been obvious, in view of the 
combined teachings of these references, to "treat a tumor which comprises cells that 
express a functional p53 polypeptide with adenoviral vectors encoding p53 polypeptide 
with a reasonable expectation of success given that Cajot et al. specifically teaches 
that both p53 positive and p53 negative tumors can be inhibited by expression of 
exogenous p53." Examiner's Answer, page 13. 

Appellant argues that the prior art does not support a prima facie conclusion of 
obviousness. Appellant argues that, if the claimed method was considered in the 
context of the prior art as a whole, a person of ordinary skill in the art would not have 
had a reasonable expectation that the claimed method would be successful. See the 
Appeal Brief, pages 17 and 18-19. Appellant also argues that the experiments 
disclosed by Cajot suffer from serious scientific flaws, "reducing its probative value to a 
nullity." Appeal Brief, pages 13 and 19-21. Appellant also argues that Katayose and 
Srivastava "evidence confusion in the field," and in any case are not prior art because 
they were removed by Appellant's 131 declaration. Appeal Brief, pages 13-18. Finally, 
Appellant argues that he has presented evidence of unexpected results, which 
overcome any prima facie case that might be established by the cited references. 
Appeal Brief, pages 21-23. 

"The consistent criterion for determination of obviousness is whether the prior art 
would have suggested to one of ordinary skill in the art that this process should be 


7 


Appeal No. 2000-0742 
Application No. 08/758,033 

carried out and would have a reasonable likelihood of success, viewed in the light of 
the prior art. Both the suggestion and expectation of success must be founded in the 
prior art, not in the applicant's disclosure." In re Dow Chemical Co. . 837 F.2d 469, 473, 
5 USPQ2d 1529, 1531 (Fed. Cir. 1988) (citations omitted). 

Obviousness under 35 U.S.C. § 103 is established if a preponderance of the 
evidence in the record supports the obviousness of the claimed invention. See In re 
Oetiker . 977 F.2d 1443, 1446, 24 USPQ2d 1443,1445 (Fed. Cir. 1992) ("[T]he 
conclusion of obviousness vel non is based on the preponderance of evidence and 
argument in the record."). In this case, both Appellant and the examiner have 
substantial evidentiary support for their positions; it would be a close question which 
has the weight of the evidence on their side. We need not weigh the evidence on each 
side so closely, however, because we conclude that the examiner has not relied on the 
most relevant prior art references in the record. 
2. Rule 131 

In the Final Rejection, the examiner relied on Katayose and Srivastava, in the 
alternative, in addition to the references relied on in the Examiner's Answer. As 
discussed above, Appellant filed a 131 declaration that pointed to two scientific papers 
that were published before Katayose or Srivastava, averred that the examiner treated 
these earlier papers as anticipatory references, and stated that Appellant was in 
possession of more data than Katayose or Srivastava, prior to the publication of 
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Katayose or Srivastava. See pages 4-5, supra . The examiner withdrew her reliance on 
Katayose and Srivastava in response to the 131 declaration. 

When faced with a rejection based on a reference that is prior art under 35 U.S.C. 
§§ 102(a) or 102(e), a patent applicant may attempt to remove the reference as prior art by 
filing a declaration under 37 CFR § 1.131. "The purpose of filing a 131 declaration is to 
demonstrate that the applicant's date of invention is prior to the effective date of the reference 
cited in support of a rejection." In re Asahi/America Inc. , 68 F.3d 442, 445, 37 USPQ2d 1204, 
1206 (Fed. Cir. 1995). Thus, an effective Rule 131 declaration must show either "reduction to 
practice prior to the effective date of the reference, or conception of the invention prior to the 
effective date of the reference coupled with due diligence from prior to said date to a 
subsequent reduction to practice." 37 CFR § 1.131(b). It is the applicant's burden to decipher 
Rule 131 declaration evidence and explain its content. See In re Borkowski . 505 F.2d 713, 
718, 184 USPQ 29, 33 (CCPA 1974). 

In this case, the declaration does not allege either "reduction to practice prior to 
the effective date of the reference[s], or conception of the invention prior to the effective 
date of the reference[s] coupled with due diligence," as required by Rule 131. The 
declaration therefore fails to satisfy the express terms of the rule. 

Instead, the declaration purports to antedate Katayose and Srivastava by 
"demonstrat[ing] that [Appellant] had achieved the subject matter they disclose in the 
United States at least as of their date of publication." Paragraph 4. Appellant contends 
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that because he had in his "possession at least equivalent, and indeed more extensive, 
data than is taught in the Katayose and Srivastava references at a time prior to their 
respective publication dates," id, paragraph 5, he has removed the references as prior 
art. 

Appellant's position is not entirely without support in the case law. See, e.g. . jn 

re Stempel . 241 F.2d 755, 759, 113 USPQ 77, 81 (CCPA 1957) ("[U]nder the law all the 

applicant can be required to show is priority with respect to so much of the claimed 

invention as the reference happens to show.") However, the Stempel standard has 

long since been limited to the situation where the reference being antedated showed a 

species within a later-claimed genus. See In re Tanczvn . 347 F.2d 830, 832, 146 

USPQ 298, 300 (CCPA 1965). The Tanczvn court distinguished that situation from one 

in which the claims were rejected under § 103 over a combination of references. See 

id, at 832, 146 USPQ at 300-301 ("The mere fact that an applicant has previously 

produced that which is disclosed by a reference, however, may have no bearing on the 

problem of whether he made his invention or a patentable portion of it before the date 

of a reference."). The Tanczvn court concluded that 

[t]he primary consideration is whether, in addition to showing what the reference 
shows, the affidavit also establishes possession of either the whole invention 
claimed or something falling within the claim, in the sense that the claim as a 
whole reads on it. 
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It is not sufficient to show in a Rule 131 affidavit that an invention wholly outside 
of that being claimed was made prior to the reference date. Such fact is 
irrelevant. 

jd at 833,146 USPQ at 301 (emphasis in original). See also Borkowski . 505 F.2d at 
719, 184 USPQ at 33-34 (Rule 131 requires "a factual showing of completion of the 
invention before the critical date."). 

Here, Appellant's 131 declaration does not assert that the research papers he 
relies on show "possession of either the whole invention claimed or something falling 
within the claim, in the sense that the claim as a whole reads on it," as required to 
antedate the Katayose and Srivastava references. See Tanczvn . 347 F.2d at 833, 146 . 
USPQ at 301. Appellant asserts only that he had in his "possession at least equivalent, 
and indeed more extensive, data than is taught in the Katayose and Srivastava 
references at a time prior to their respective publication dates." 131 declaration, 
paragraph 5. The Tanczyn court, however, noted that "[t]he mere fact that an applicant 
has previously produced that which is disclosed by a reference . . . may have no 
bearing on the problem of whether he made his invention or a patentable portion of it 
before the date of a reference." Tanczvn . 347 F.2d at 832, 146 USPQ at 300-301. 

It is Appellant's burden to decipher the declaration evidence and explain its 
content. See Borkowski . 505 F.2d at 718, 184 USPQ at 33. Appellant's 131 
declaration makes no attempt to explain the evidence relied on, i.e., the data in the Liu 
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and dayman papers, and the data in the published papers do not appear to show 
reduction to practice of the method now claimed. 

The instant claims are directed to treatment of "a mammalian subject with a solid 
tumor." See claim 1 . Both papers, by contrast, disclose experiments in which the 
growth of tumor cells injected into nude mice was prevented by adenoviral vectors 
expressing p53. See dayman, page 1 , abstract ("[W]e prevented the establishment of 
tumors in nude mice in which tumor cells had been s.c. implanted by transiently 
introducing exogenous wild-type p53 via an adenoviral vector 2 days following tumor 
cell implantation."); Liu, page 3117, abstract ("For in_vivo analysis of apoptosis, nude 
mice in which squamous cell carcinoma of the head and neck cell lines had been 
implanted s c. had exogenous wt-p53 transiently introduced to the tumor cells via 
Ad5CMV-p53 2 days later. In situ end labeling clearly illustrated apoptosis in the tumor 
cells "). Since the methods disclosed in the papers are directed to prevention of tumor 
cell growth, the papers do not show treatment of "a mammalian subject with a solid 
tumor." 

Appellant's 131 declaration does not aver that the papers show reduction to 
practice of the instant claims. Nor does the declaration aver that the papers show 
conception of the method now claimed, plus diligence. All that the declaration avers is 
that Appellant had in his possession the same data disclosed by Katayose and 
Srivastava, before their respective dates of publication. This showing is facially 
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inadequate to antedate the references, and the examiner erred in withdrawing 
Katayose and Srivastava as prior art based on the 131 declaration. 
3. Conclusion 

The disclosures of Katayose and Srivastava are very relevant to the claimed 
method. Both Katayose and Srivastava disclose treatment of p53"' tumor cells using 
adenoviral vectors which express wild-type p53, just as in the claimed method and in 
contrast to the experiments disclosed by Cajot, Baker, and Casey,^ all of whom use a 
plasmid vector. Katayose and Srivastava both show positive results using the 
adenoviral vector. Thus, Katayose and Srivastava appear to be very relevant to the 
issue of the patentability of the instant claims under 35 U.S.C. § 103. Since Katayose 
and Srivastava are apparently available as prior art under 35 U.S.C. § 102(a), the 
evidence they disclose should be considered in the obviousness analysis. 

The obviousness or nonobviousness of a claimed invention should be 
determined based on the most relevant prior art. See In re Gorman . 933 F.2d 982, 
986, 18 USPQ2d 1885, 1888 (Fed. Cir. 1991); (The test of obviousness is "whether the 
teachings of the prior art, taken as a whole, would have made obvious the claimed 
invention."); In re Hedges . 783 F.2d 1038, 1041, 228 USPQ 685, 687 (Fed. Cir. 1986) 

^ Baker et al., "Suppression of human colorectal carcinoma cell growth by wild-type p53," Science . Vol. 
249, pp. 912-91 5 (1 990), and Casey et al., "Growth suppression of human breast cancer cells by the 
introduction of a wild-type p53 gene," Oncogene . Vol. 6, pp. 1791-1797 (1991), are cited by Appellant as 
evidence showing that those skilled in the art would not have had a reasonable expectation of success in 
practicing the claimed method. 
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(When determining obviousness, "the prior art as a whole must be considered. The 
teachings are to be viewed as they would have been viewed by one of ordinary skill."). 
Since we conclude that the rejection on appeal does not rely on the most relevant prior 
art in the record, we vacate that rejection and remand the application to the examiner. 

Upon return of this application, the examiner should reconsider whether 
Appellant's declaration meets the requirements of 37 CFR § 1.131 with respect to the 
claimed invention and review the patentability of the claimed process based on the 
prior art as a whole. After doing so, she should reject the claims, if appropriate, based 
on the best available prior art. 
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Summary 

Appellant's Rule 131 declaration is facially defective and should not have been 
found sufficient to antedate Katayose and Srivastava. Since the evidence provided by 
Katayose and Srivastava may be crucial to the patentability of the claims on appeal, \Ne 
vacate the rejection and remand. 


VACATED AND REMANDED 
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Administrative Patent Judge 
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ORDER REMANDING TO EXAMINER 


An Amendment after Final was filed on April 19, 2000 (Paper No. 32, 
Amendment E). There is no indication on the record as to whether the examiner has 
considered this amendment and whether the entry of the amendment into the record 
was granted or denied. 

A Reply Brief was filed April 19, 2000 (Paper No. 30). There is no indication on 
the record as to whether the examiner has considered this Reply Brief and whether the 
entry of the Reply Brief in to the record was granted or denied. 

Accordingly, it is 

ORDERED that the application be remanded to the examiner for 
consideration of the aforementioned amendment after final and the Reply Brief. A 
decision on this after final amendment and Reply Brief must include a written 
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notification to appellant and must include any such further action as may be 
appropriate. 

It is important that the Board of Patent Appeals and Interferences be 
informed promptly of any action affecting the appeal (I.e., abandonment, issue, 
reopening prosecution). 
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